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Bedrock Geology of the Northernmost Bulge 

of the Rocky Mountain Cordillera 


(and its relationship to North Slope hydrocarbon resources) 


I.Introduction 

The northernmost part of the Rocky 
Mountain Cordillera rises above the Arc- 
tic Coastal Plain between the Sagavanirk- 
tok Ever in Alaska, andthe Babbage River 
in the Yukon (figure 1). This part ofthe 
Cordillera is a distinct northward "bulge" 
forming the Franklin, the Rornanzoff and 
British Mountains. It marks the transi- 
tion from predominantly east-west geo- 
logic and topographic trends, common to 
the foreland fold and thrustbelt geometry 
of northern Alaska, to  the predodnantly 
north-south folding and faulting trends 
that are common t o  the rest of the chain 
through western Canada and the contigu- 
ous US.  The east side of the bulge is 
flanked by Cretaceous sediments of the 
Blow River Trough and Rapid Fault Ar-
ray. Pre-Brookian rocks dive beneath the 
Holocene cover in front of the Brooks Range 
allocthons on the west (figure 2). 

T h i ~bend of the Cordillera also repre- 
sents a dramatic change in the foreland. 
Only in Alaska and the northermost 
Yukon does the Cordillera drain directly 
into an ocean basin that is actively receiv- 
ing sedimentation from mostly straight 
flowing rivers whose lengths are meas- 
ured in only tens of kilometers. In ad&- 

tion, the kinematics of ~ompressional 
mountain building are more recent and 
better preserved in the bulge than in the 
rest of the Alaskan Brooks Range and the 
remainder of the cordillera through Can- 
ada and the U.S. Thus is juxtaposed an 
area of relatively recent uplifk and a deep 
rifvflexural basin filling with the result- 
ing depositional sequences of sediments 
recording the mountain building events. 

Within this area, there are elements of 
several distinct and separate phases of 
deposition, provenance and orogeny. There 
are very thick and laterally extensive 
sedimentary sections below Cambrian 
units which suggests that a considerable 
amount of preserved Proterozoic section 
has still eluded significant analyses. Post- 
Proterozoic sediments include several 
depositional pulses from a northern (with 
respect to the present tectonic arrange- 
ment) source area, localized sediment 
sources, and finally a southern provenance 
which has dominated the sedimenhtiun 
since the Mid-to-Upper Cretaceous. 

Plate 1 shows a synthesis combining 
available onshore data. Even some of the 
more recent compilations ~ s s ,  or ignore, 







the extent of the older stratigraphy. This 
text reflects some of my fieldwork in the 
Arctic National Wildlife Refuge (llBlTVR; 
1983? 1984 & 19851, near the Internam 
tional border along the Yukon River (1985 
& 1986), and some of my conclusions per- 
taining to the Brookian and Ellesmerian 
sections. In addition9 it is a combination of 
mapping b a ~ e d  on outcrop trends? in 
Canada and the US.with emphasis on 
preserving established stratipapkc ge- 
ometry and harmony. Diagnostic rock 
types and lithologies were employed with 
caveats because one man's phyllite often 

2. Previous Work 

Leffingwell (1919) made the initial 
systematic geologic observations of the 
area and described the overall fkamewurk 
regional g e o m o ~ h o l o ~ ,  stratigaphym d  
structural style. He managed to touch 
upon most ofthe area's unique features by 
wintering over six complete, but not con- 
secutive, years. This method allowed him 
access across the tundra in addition to 
reconnaissance up the rivers* Later work- 
ers have yet to match the scope andbreadth 
of this initial endeavor. Although perhaps 
less dramatic, intermittent recom~ssmce 
work continued from the late 1940's 
through the 1960's (Gryc and Mangus, 
1947; Keller, Morris andDetterman, 1961; 
Brosge? and others, 1962; Reiser, 1970; 
Dutro and others, 1972). More complete, 
regional, mapping and detailed stratigra- 
phic and structural descriptions followed 
(Lerand919'73;Detterman, &iser9 Brosge 
and Dutro, 1975;Sable, 1977; Lyle m d  
others, 1980; Reiser, others? 1980; Mole- 
naar, 1983; Norris, 1984, 1985 a&b; 
Mcmae,  1986). 

grades into another's argillite, and rock 
coloration can typically be perceived 
uniquely. Also, I attempt to shed some 
insight as to the divergity that exists 
amongst the variously assigned and per- 
haps prematurely defined or assigned 
basement rocks. As always, there is room 
for improvementz but this level of descrip- 
tion fits well, and is usable, with my data 
base developed a t  1:250,000 for the ANWR 
1002 area Coa~tal Plain analysis of oil and 
gas resources. Consequently, mention of 
oil and gas resources is made with the 
descriptions of the s trat isapkc units. 

The legislation concerning the oil and 
gas potential of the Arctic National Wild- 
life Refuge 1002 area gpurred an ongoing 
burst of goverment, academic and indug- 
try interest. This includes the U.S. De-
partment of Interior 1002 Area Coastal 
Plain Assessment, USGS Bdletin 177& 
Pacific section SEPM publication #50, 
MMS geologic report for the Beaufort Sea 
Plaming area, course notes by the Cana- 
dian Society of Petroleum Geology, 1985; 
and Alaska DGGS Public Datas File 86- 
86,87-27 a-1). While many arbitrarily stop 
at the inkmatianal border, or are con- 
strained by stratipaphy, stmcture, geo- 
chemistry, or are deskink~retat ions~ they 
contribute considerably towards the un- 
derstanding of this complex region. 



3. Stratigraphy and Resources 


The s t ra t i~aphy of the bulge is quite 
extensive, both in areal distribution and 
the amount oftime that itencompasses. At 
the base there is a great volume of elastic, 
carbonate and volcanic rocks. These rocks 
are of pre-Cambrian age, and are rela- 
tivelywell exposed, but not yet thoroughly 
studied. They have certain similarities 
but also have some important dramatic 
&ssi~lafities.There area two Proterozoic 
sequences in this area. The Neruopkuk 
Formation is the more areally extensive 
and thicker of the two sequences. Cons$- 
quently I choose to describe and discuss 
the geology of the Neruopkuk and its 
overyling sediments first because they 
appear t o  be more closely related to  one 
another and also appear to  have under- 
gone similar tectonic histories. 

The Katakturuk Dolomite is most 
probably coeval to  the Neruopkuk. It is 
less areally extensive, thinner than, and 
tectonically distinct from the Neruopkuk. 
The Kataktumk and the overlying Nanaok 
Limestone are considered tobe marginally 
related, but separate sequences. They are 
discussed separately from the Nemopk& 
fur similar reasons. 

Leffingwell(l919) described the Neru- 
okpuk Formation as the pre-Carbo~fer- 
ous,non-fossfiiferous, quartzite, schist and 
semi-schist cropping out between the H d a  
Hula and Canning Eivers. "There is a 
marked angular uncodomity at the top of 
the formation, and it is much more meta- 
morphosed than the overlying sediments." 
His notes describe a marked east-west 
strike and a well developed south dip. 
These features are diagnostic tothis unique 
section, Later workers, particularly those 
working the Naval Petroleum Reserve #4 

National Petroleum Reserve-Alaska 
(WRA) expanded the terminology t o  in-
clude essentially all pre-Carbudferous 
rock8 on the North Slope. This included 
mehmoqhic and many s e & m e n h r y ~ t s  
ofvarious age, origin and history, and thus 
"Nemokpe became basement rock for 
most assessment purposes. Norris (1985a) 
assigns the Nemokpd to  the Rapitanian 
Sequence, deposited from the Racklan 
Orogeny. 

Satellite imagery ( L W S A T )  of this 
part of the North Nope shows a distinct, 
curvilinear pattern of valley and ridge 
forming rocks. This trend is mostly con- 
tinuous throughout the 300 hbetween 
the Canning River and the Babbage River. 
Although restricted to  approfimately 10 
km in width south of the Okpilak Batho- 

-lith, the curvilinear pattern of' rocks is as 
much as 60 km wide in the Romanzof 
Mountains (plate 1).Theexposure of these 
rock8 in the "bulge" is a structural cdmi- 
nation, as the Nemokpuk rocks plunge off 
both ends beneath younger rocks. Thus, 
these rocks represent a discrete stratigra- 
phic unit that is not related to  pre-Elles-
merian rucks exposed on allocthons in the 
Central Arctic and NPRA. This is in agree- 
ment with Norris (1985b), and so the 
Neruokpuk sediments are treated a6 a 
separate entity or  entities. Coinddentdly 
the "bulge" is also the area of the highest 
peaks in the Brooks Range. 

The Sadlerochit, Shublik Mountains 
and the Third Range are at the northwest 
extent of the ''bulge.* These mountain 
ranges are of note because they are con- 
spicuously east-west trending rather than 
being curvilinear. They also appear to be 
projected up and out of the coastal plain 
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sediments, rather than belonging to the 
more common arcuate leading edge of the 
Brooks Range. 

At the cores of the east-west trending 
ranges are thick sequences of carbonate 
rocks. The Katakturuk Dolomite forms 
the core of the Sadlerochit Mountains, and 
both the Katakturuk and Nanook Lime- 
stone form the core of the Shublik moun- 
tains. The exposed core ofthe FourthRange 
consists ofinterbeddedlimestone and shale 
which may be a distal equivalent of either 
the Katakturuk, the Nanook, or possibly 
one of the fades of the Neruopkuk. Field 
relationships suggest that the Katakturuk 
and Nanook are more closely related to  
each other than they are to coeval 
Neruopkuk fades and overyling litholo- 
gies. 

Mapping scale varies on the North Slope 
and this area is no exception with both 
regional and small scale publications 
(Sable, 1965; Kososki and others, 1980; 
Reiser and others, 1980; andMorris, 1981). 
At 1:250,000 and smaller scales the degree 
of precision shown on the maps by Norris 
(1981)and the geology map in Kososki and 
others (1978) illustrates best, the areal 
extents and trends of the Nemokpuk and 
the coeval platform carbonate section. 

Plate 1is scaled to 1:250,000 and com- 
bines and enlarges Norris' seven subdivi- 
sions with units described and mapped by 
Reiser, others, (1980). in~ososki and others 
(1980) and Bird and Bader (1986). It also 
extends the correlations across the U.S-
Canada border. Although this synthesis 
may leave several stratipaphic and bios- 
tratigraphic questions unanswered, these 
units match quite well with the trends 
identified from LANDSAT satellite im- 
agery. 

A. Neruokpuk Formation 

Norris (1986b) identified seven units 
(PNO - PN6)within the Neruokpuk in the 
Yukon and tentatively correlated them to 
some 12 units identified by Dutro and 
others (19?2), and Reiser and others (1980). 
Norris (1985b) estimates that there is at 
least 13,400 m of slightly metamorphosed 
(less than greenschist facies) section, but 
no schist or  semi-schist. Also, it is likely 
all ofpre-Cambrian age. The arcuate grain 
of the Neruokpuk shows that the entire 
section dips to the southwest in Canada 
and to the south in the U.S. This exposes 
at least parts of all units. No major uncon- 
formities have been identified within the 
Neruokpuk of Canada although Nods  
(1985b) notes that there are abrupt inter- 
nal facies changes and possible uncon- 
formities bounding the units. At present, 
correlations are confusing because cur- 
rent mapping shows units that do not 
correlate across the border and some thrust 
faults that meet at the border but have 
opposite dip directions. In addition there 
are also bedding plane-parallel thrusts, 
and thrusts which cut upsection that trans- 
late or structurally supe ose strata, con- 
tributing to the correlation confusion cre- 
ated by sedimentological changes. 

Four Neruokpuk units span the border 
and four are identified only in Canada 
(plate 1).Thus, I am considering and de- 
scribing eight units to  comprise the Neru- 
okpuk G r o u ~  N1 throughN8. To facilitate 
comparasions,I show both my divisions N 
(1- 8) and Nods's (1985b) PN(0 - 6) units 
where pertinent (figure 3). 

The basal unit, Nl/PNO, is a narrow 
linear band (-3kxn X 25 km). Exposures 
extend from southeast of the Lonely Syn- 
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cline to between the Buckland Hills and 
B ~ ~ s h M o u n b i n s .Nl  is compoied of dark 
gray? or rusty weathering argillite and 
h e - p k n e d  sandstone. Norris (1985b) 
shows that these are mostly thin, inter- 
bedded litholo&es and that tight folds are 
common. The base is obscured, even where 
N l  is thrust faulted over a younger unit 
(plate 1). 

Unit NZPNl is also restricted to  the 
Canadian side of the border (plate 1).It 
crops out in a longer? thinner southeast- 
trending band (-2.5krn X 40b) that 
apparently? conformably overlies N l  (fig-
ure 3). This lithological unit is less than 
1000 m thick and it consists of partidly 
slaty argillite, limestone and sandstone, 
Unit N3PN2 ie one of the more areally 
extensive and thicker units on plate 1.It 
comprises an estimated 40 percent of the 
bedrock in this pad  of Canada* eh. It  is two 
arcuate bands, mostly 10 - 2 0 hwide in 
Canada and is only a few kmwideX 20 kxn 
long in the UeS.(plate It is interbedded? 
slaty, gray argillite? fine-grained t o  cqs-
talline and argillaceous limestonest and 
fine-to coarse grained quartzose sandstone. 
On the U.S.side this h t h c l u d e s  apartly 
peuetoidal and pisolitic limestone with 
floating quartz pains (Reiser and others, 
1980). In addition some of the unassigned 
slate, quartzite, a i d  argillite units belong 
in this unit. F ' i p e  3 shows the stratigra- 
phic re1ationsEps of N3 with the other 
units. 

A thrugt faulbbounded syndine with 
steeply-&pping to overturned limbs, in 
the southc6ntrd part of the N3 exposure, 
preserves all that is left of' unit N4PN3. 
Unit N4 codomably overlies unit N3 and 
has a t h s t  f ad t  contact with unit N5 
(plate 1).This is a mostly thin to medium 
bedded unit consisting of slaty, gray to 

olive colored argillite with lesser percent- 
ages of dark gray, crystdine limestone 
and minor pods or beds of calcareous 
siltstone. Norris (1985b) shows some of 
the bedding distorted by the severity of 
folding in the region. 

Some correlation problems exist along 
the i n k m a ~ o n d  border between Nomis's 
PN2? PN4? and PN5 d t s  and the strati- 
graphy mapped in Alaska. Plate 1shows a 
regional compro~se,  based largely on 
preserving trends apparent on LANDSAT 
photos and matching up lithologies as 
closely as possible. Thus, unit N3/PI?2 
consists ofinkrbedded argillite? sandstone 
and limestone in the Yukon. It spans the 
border south of the coastal plain where it 
is mapped and described (hiser  and oth-
ers 1980) as red phyllite? ween phyllite? 
and dark gray limestone which grades into 
sandgtone. Combined thicknees? hclud- 
ing less areally extensive lithologies of 
slate? quartzite and chert? is probably less 
than 500 m in Alaska? which may reflect 
thinning of the of the distal portion of the 
unit or erosion. 

N o ~ s ' ~ d e s p r e a dPN4unitas mapped 
in the Yukon (Norris? 1981)is some 5100 xn 
of interbedded* fineto m e & m - p ~ n e d  
sandstone and slaty* gray- tored argillite, 
with subordinate amounts of chert (Norris 
1981, 1985b). I suggest that revision is 
needed within PN4 to reconcile previous 
inte~retationsof mapped unite?which on 
LANDSAT imagery appear to be continu- 
ous. Thus plate 1shows two distinct units 
N5 and N8. 

h the Yukon, the PN4 d t  is very 
~desp readand appears on maps as three 
bands separated by younger and strati- 
graphically higher units. The two north- 
ern bands are elongate* nofihwest-trend- 



ing exposures7 some 50 km long by some 3 
to 12km wide (N5, plate 1).The southern 
band is over 100 km in length, up to 25k m  
wide, and is only in fault contact with 
younger units. Overall, the PN4 unit cor-
r e l a t e~~at  least in part, with the descrip- 
tions of the quartzite schist and senxischist 
member of Leffingwell's Nemokpd unit 
where exposed around the Okpilak Batho- 
lith (Nomis, 1985b). 

MappinginAlaska by Eeiser and oth- 
ers (1972) and Dutro and others (1980) 
identified several pre-Cambrian interbed- 
ded, thin- to,thick-bedded, quartz wacke, 
semi- schist, argillite? limestone and sand- 
stone unit8 along the border which come- 
late with Norris' two northern bands (N5). 
These units are continuous across the 
border as elongate northwest trending 
bands less than 5 Ian wide. 

This lithology is LefimeWs New- 
okpuk and it also crops out in wide? east- 
west trending bands. One band extends 
from the vicinity of the Okpilak batholith, 
west to the Canning River. The other band 
is between the Bathtub and Whde Moun- 
tain synclines (plate 1). M a ~ r n wthick-
ness may exceed 1700 m. 

These units of Leffimell's Nemokpuk 
are substmtidly thinner than Nomis' 
estimated5100m of PN4 in the Yukon, but 
they do not correlate with the southern- 
most band of Nods's PN4 unit. Instead, 
the southern PN4 exposure correlates with 
a predodmntly calcareous siltstone and 
sandstone unit which has yielded rare to 
few Cambrian-age fossil parts (Reiser and 
others, 1971 and 1980). Unit N8 replaces 
the southern part of Norxis (1981) PN4. It 
is described as mostly very thin bedded 
and partly calcareous phyllitic siltstone, 
micaceous sandstone and paywacke and 

is estimated to range in thickness fkom 
appro~mte ly700 to 1300m, 

To better fit the correlation, N8 also 
includes an overlying and extensive, thick, 
black, dark gray and greenish phyllite 
unit with lenses of sandstone and lime- 
stone (plate I). Thus, N8 is a major stra- 
tigraphic component and it extends west 
from the Yukon, continuously t o  the Okpi- 
lak batholith and ~scontinuously into 
ridges of the Frariklin Mountaihs (plate I). 

I suggest these divisions of PN4 be- 
cause the IANDSAT photographs in&- 
cate that the elongate northwest trending 
bands of N5EN4 are continuous across 
the internatiod border. These elongate 
units are pre-Cambrian age which corre- 
lates with LemmeU's Neruokpuk and 
Norris' PN4. And there is a stratipaphi-
cdly higher, but still pre- C a m b ~ m  lime-
stone and quartzite d t  (N6LPN5) con-
formable above N5. 

In addition the N8PN4 unit is rela- 
tively contiwous on LANDSATphotos. It 
is a discernible, distinct, unit separate 
fkom the N5PN4 unit north of Bathtub 
Ridge where both d t s  are exposed. And 
N8PN4 is only in fad t  contact with the 
older N6PN5 unit where both are mono- 
clinally southward dipping, in the Yukon 
Territory, With the current state of map- 
ping and analyses, this separation best 
reconciles the stratigraphy to the outcrop 
trends and the ages of the units deter-
mined fkom the fossils. 

Unit N6PN5 exbnds westward in a 
broad arcuate trend that is mostly more 
thm I0 km wide. It crops out from the 
British Mom&s to south of Leffingwell 
Ridge, t o  the vicinity of the Okpilak 
Batholilth and possibly into the core of the 



Fourth Range (plate I). Strati~apEcdly, 
N6PN5 fits above N5FN4? Leffingwell's 
Neruokpuk, and below unitN?/PN6? where 
both are exposed, in the Yukon. This unit 
consists of some 1300 m of interbedded, 
black? crystalline limestone and yellow- 
weathefing argillite (Nom~,  1985b). 

Reiser and others (1980) describe ap- 
proximately 1000 m of mdticolored and 
interbedded phyllite, argillite and platy- 
to massive dark gray limestone with float- 
ing quartz grains? local phyllite lamina- 
tions, with additional units of thin- to  
me&--bedded pelletoidd limestone, that 
also have floating quartz grains. This N6 
d t  also includes relatively thin (mostly 
less than 100 m), and distinct local units of 
sandstone, dolomite, phylEte and lime- 
stone. These wi t s  are locally intensely 
folded to such m extent that suggests a 
very complicated and poorly constrained 
depositiond and structural lxi&wy (such 
as soft sediment deformation, pdtiphasic 
deformation or decoupling of internal 
thrust plates). 

Infact? map-expressions (plate 1)of N6 
and N5 appear almost intertwined in the 
area north of Whale Mountain Syncline. 
Several thin (-1 to 3 h  scale) and alter- 
nating bands of units N5 and N6 form the 
valley and ridgetops, respectively. Whether 
these rela~onsKps are due to dramatic 
thickness changes, or folding or faulting or 
depositional contacts such as h b & n m g  
lithologies, is as yet speculative. 

A hrther complication is &om Reiser 
and others', (1980) placement of the argil- 
lite, phyllite and limestone of N6, older 
than the N5 Neruokpuk, whereas their 
map in K o ~ o ~ k iand others (1980) places 
the argillite, phyllite and limestone 
younger than N5, as is shown on plate 1, 

and which more closely resembles the 
Yukon ~ t r a~maphy .  Clearly the strati- 
graphy is complicated and r e q ~ r e s  more 
analyses. 

Unit N7PN6 is the youngest of Noes9 
Neruokpuk divisions* It is restricted to a 
northwest trending band some 5 kmby 20 
km along the east side of the British 
Mountains. It is apparently confiomable 
upon N6 and mcodomably overlain by 
the middle Ellesmefian Endicott Group 
K e m t d  Conglomerab. N7 consists of 
interbedded, dark gray ands stone and red 
argiuite, Although there are similar li-
thologies in Alaska? no attempt has yet 
been m d e  to stretch a correlation to  N7. 

As previously mentioned, unit N8 con- 
sists of the southernmost and vvidest band 
of Nomis' PN4, It crops out continuously 
from the British Mountains tothe Okpilak 
batholith and in isolated outcrops reach- 
ing to the Canning Rivera Thickness m y  
be as much as 3000 m allowing for the 
subtraction of approimably 2000 m d-
lotted to N5 from the original 5100 m. The 
combined thickness ofCambrian age, gray- 
to olive brown phyllitic siltstone and mi-
caceous sandstone and black to greenish- 
grayphyllite in Alaska (Reiser and o#em, 
1980)? may be some 2500 me Depositiod 
thinning or erosion probably accounts for 
the remainder of thickness differential. 

Although N8 is determined to be of 
Cambrian age, analysis of LANDSAT 
images r e v e d ~  no distinct differences 
between its outcrop patterns and the other 
underlying Neruokpuk units. Thus, t o  
whatever regional depositional sequence 
that unit N8 belongs, the order of magni- 
tude of Merences between it and the rest 
of the Neruokpuk is small compared to the 
extent of Herences between it (N8)and 



the younger stratipaphic units in this 
area. 

At present, there are at least two major 
hypotheses concerning the correlation and 
origin of the Nemokpuk units. Moore and 
others (1984) identie these units as fault 
bounded strat imap~c entities and con- 
sider them to be discreet tectorio-strati- 
graphic terranes accreted to  North h e r -  
ica prior ta the Devonian. Although this 
internretation has considerable merit, as 
yet there is no detailed stratipaphy to  
demonstrate that there are significant 
&Eerences between the ubiquitous argil- 
lites and subsidiary elastic and carbonate 
components of the Neruokpuk units. 

Also the pervasive dip of the Nem- 
okpuk wi t s  suggests that they all have 
similar depositiond origin and have re- 
sponded uniformly t o  similar tectonic in- 
fluences. Likely they are one aredly ex- 
tensive accreted terrane rather than an 
amalgamation of lesser ones. Norris 
(1985b) suggests that the Neruokpd 
sediments are deep water slope sequences 
representing turbidity current deposition 
from parts of the craton. 

The nearshore facie8 comprise parts of 
the Tindir Group. The Tindir Group is a 
Proterozoic to Cambrian (?) sequence, 
identified several hundred kilometers to 
the south in the Y&on-Porcupine drain- 
ages of east-central Alaska m d  western 
Yukon. The Rndir sediments consist of an 
estimated 3000 m to  5000 m of thin to 
medium bedded black carbonates? thick 
shale8m dphyfiks, quartzose sandstones, 
red bed conglomerates, and terrigenous 
volcanics, overlain by dolo-arenites? con- 
glomerates, shales and more carbonates 
(Brabb and Churkin, 1969). 

Nomis (1985a) also assigns the Tindir 
Group to the Rapitanian sequence. Corre- 
lation problems are obvious in that the 
Neruokpuk sediments are very far away 
from the Tindir Group. They are also very 
thick (>l3,OOOm),which tmicdly reqdres 
a very deep foredeep in which to be depos- 
ited; deeper than most modem analogs. 
Long-term subsidence canalso collect large 
volumes of sediments, but again, this is a 
somewhat rare phenomenom. Also lithol- 
ogic descriptions indicate that the Tindir 
Group has a large percentage of(my obser- 
vation: is p r e d o h f l y  ?) carbonate units, 
and has considerable volcanic constitu- 
ents which are lacking in the Neruokpuk 
lithologies. In addition, the Tindir Group 
apparently lacks the metamorphic rocks 
which are obvious in the coarser clasitcs of 
the Neruokpuk. 

BmPost-Neruokpuk Sediments 

Lerand's (1973) F r d i n i a n  Sequence 
isthe regional succession of p redo~nmt ly  
northerly derived (in present geography) 
sediments spanning the ages fkom base of 
the Cambrian to the top of the Devoaim. 
In Canada, these sediments are typically 
@hallowwater clastics, volcanics andboth 
r e f d  and platform carbonates. Much of 
the uutcrop idomation on these rocks 
comes fkom the Canadian Arctic Islands, 
several hundred kilometers northeast of 
the Mackenzie Delta area. Both fold and 
depositiond trends of the Frad in ian  
Sequence at  the Canadian Arctic Islands 
tend to  rnat appro~makly 90 degreest o  
past Neruopkuk elastics and post 
Katakturumanook carbonates of the 



bulge. Ody a few wells, such as Mayo&kk3 
which produces from Devonian carbon- 
ates, have apparently penetrated the 
Fradlinian section in the Mackenzie 
Delta. 

The s e & m e n t q ~ t s  which constrain 
the age of the Neruokpuk vary across the 
area, The oldest unit is the Whale Mom- 
tain Volcanics which consists of some 700 
m to 1300 m of mafic volcanics, vesicular 
flows, agglomerab&~cdas Welylahars) 
that are locally silicified or welded, coarse 
and angular m&nedvolc&c wackes, tuff's 
and widely isolated, elongate pods of lime- 
stone. The limestone, contains Late 
Cambrian brachiopods and intertongues 
with the volcanic flows and elastics. 

The majority of the unit is preserved in 
the80kmX I O h  east-southeasbtrenhg 
Whale Mountain syncfine. Here? it rests 
mcodomably upon a previously folded 
m d  fadkdunit ofN8PN4 (Norris, 198%), 
and the phyllite component of its enig- 
matic Cambrian counterpart on the U.S. 
side (plate 1). The volcanics of the syncline 
are also in t h s t  fault contact with Mis- 
sissippian carbonates along much of the 
north limb. 

Smaller exposures of volcanic rocks 
exist around and atop parts of the Kikiktak 
mountain (figure 2, plate I),and at  the 
area where the upper Hula Hula river 
flows westward owing to structural i d u -  
ences. At the present stage of mapping 
though, data are lacking as to both the 
origin of these volcanics9 and many of the 
depo~itiondfeatures. 

Sediments of Cambro-Ordo~~m age 
are vevhpodan t  to the reconstmction of 

this area, and there appear8 ta be at  least 
two suites that overlie the Nemokpd . 
The first consists of interbedded, varicol- 
ored chert bed8 andred and green phyllite 
which crop out along the southern part of' 
the area and in the core of the Third Range 
(plate Subsidiary lithologies include 
local, thin-bedded limestone and mafic 
intmsives. Altogether, it is a n  estimated 
300 xn to 1000 m thick and it represents 
mostly quiescent, deep water deposition. 

This chert and phyllite unit overlies the 
mafic volcanics, and particularly the lime- 
stone facies, of equivalents to the Whde 
Mountain Volcdcs (biser  and others, 
1980).It is ~ c o ~ o m a b l yoverlain by the 
ody Devonian age rock in the area (a 
sandstone, not shorn a t  this scale) and 
Ellesmerian units. At present? data are 
i n s 6 ~ e n tto determine whether the chert 
and phyllite unithas a demonstrable a n -  
ity to the northerly derived Frankhian 
sequence. 

The second CambrowOrdo~cian-age 
unit is found as mostly linear bands and 
scattered pods of essentially coeval9 deep- 
water sediments and volcanics that crop 
out dong the mountain front, where the 
Kongakut River flows northwest to the 
border9 and in Canada, sandwiched be- 
tween N3PN2 and the Ellesmehn rocks 
(plate 1). The lithologies are described a8 
black slaty shale3 locally phyllitic slate, 
gray phyllite, chert andargillite, withminor 
amounts of micaceous mudstone, siltstone 
and qmrt~b,and some limestone. 

ALate Ordovician naptolik was recov- 
ered fkom the black shde2 which may cor- 
relate to the Road River Groups This corre- 
lation would provide an important li& 
between the thin distal sediments in this 
area and the thick wedge of sediments 



o ~ g m t i n g&om the Selwp basin to the 
south (Fritz, 1985)where the Road River 
Group exceeds 1000 m and includes thick 
massive carbonates. However, this too 
would preclude its inclusion into the Fran- 
klinim sequence. Carter and Lafield 
(l9i'ti) report that Silurian and Ordovician 
fossils (cE~nozoms and a graptolite) have 
been recovered from cores of moderately-
t o  steeply-dipping (20' to 70Â°N basement 
rocks along the Barrow Arch at Barrow 
gas field and a t  Prudhoe Bay oil field. 
These correlations *also would extend the 
amount of southerly dominated deposition 
from the Nodh American plateicrabn at 
the expense of Fraddinian deposition. 

Fodmatel~?)for correlations, this area 
is several hundred kilometers from coeval 
pos~ible Proterozic and Lower Paleozoic 
sediment source areas. Thus for specula- 
tive correlations it is quite possible to  ig-
nore or erode away the troublesonie parts 
of the s t r a~paphy  that do not fit. One 
example is the volcanic facies of the 'En&r 
Group? that are apparently absent %om 
the Neruokpuk. Aaother example is the 
absence from thebulge? ofany of the nearly 
complete section (excepting? perhaps, the 
thin 

4 Eoad River sediments of various Lower 
t Pdeozoic carbonates and clastics that 

overlie the Tindir Group in the Yukon- 
Porcupine drainage. 

C. Pre-Cambrian to Devonian 
Carbonates 

The& t & t u d  Doloxnite is one of two 
enigmatic carbonates that forms the core 
of the Sadlerochit and Shublik Mountains. 

At present, the Katakuruk and uncon- 
f o a b l y  overlying Nmook Limestone are 
known to be in contact only in these two 
mountain ranges. The K a t & t d  is also 
exposed at  the core of Kikiktak Mountain, 
east of the Shubliks (plate 1).There is an 
uncodorhty between the X i h i k u d  and 
the Nanook? and a marked anjgdar uncon- 
formity between them and the overlying 
Ellesme~an sediments (plate 2). This is 
similar to the relationship between the 
Neruopkuk sediments and the overlying 
Ellesmerian rocks. m i c d l y  these car- 
bonate units are considered as basement 
for most assessment purposes (Hubbard 
and others? 1985; Bird and Magoon? 1987). 

There is as yet? no congress as to  the 
origin, emplacement and corellation of 
these Proterozoic and Lower Paleozoic 
carbonates to the Neruopkuk and related 
coveal sediments. The Q a t u d  and 
Nanook are areally limited to only the 
northwest portion of the bdge. Both the 
Katakturuk and Nanook are mostly mas-
sive platform carbonatesp rather than thin 
basinal and interbedded lithologies. They 
crop out in linear east-west trends? rather 
than being part of the regional curvilinear 
expression of the Nemopkuk outcrops. 
These outcrops are f ad t  bounded where 
the basal portions are exposed along the 
front of the Saderochits and Shubliks. 

From these m o m t ~ n  fiont trends? itis 
quite possible that the game platform 
carbonate lithologies and fad t  emplace- 
ment style are present in the core6 of the 
Third m d  Fourthrmges. The & t a k t d p  
a d010sbne~ (DutroF 1970) isthevery thick, 
mostly massive, south-dipping (approxi- 
mately 30 degrees)? east-west trending 
core of the Sadlerochit and Shublik Moun- 
tains. It is typically very dense and is 
commonly gray? ar white. The lithology 



represents p redo~nmt ly  shallow water- 
depositedalgalmats,lime muds andgrains 
with minor black-md-white, banded stro- 
matofites. 

I have observed that the dolostone is 
-locally silicified, locally has quartz veins, 
is highly fractured and has elongate, nor- 
mal-to-bed&g, vugs that are especially 
well developed in both the lowest map- 
pable and the uppermost members (Can- 
ning ReA-1 well penetrated some 190 rn 
and cored some of the upper member). 
Robinson and others (1989) identified and 
mapped some 16members mmp~shgmore 
than 2500 m of section. 

There are two m&c volcanic units 
assosciated with the K a t a k t d .  At the 
west end of the Shublik mountains, there 
are dark brown or gray pillows or scorias of 
metabasalt and &abase. These underlie 
the carbonate facies of the 
and are overlain or htebedded with thin-
bedded and finegrained quartzose sand- 
stones. On the northeast side of the Sadle- 
rochit Mountains, there are mafic flows, 
pillows and breccias exposed within the 
lower facies of the a h k t 4  carbonates* 
Moore (1987) describes field relationsKps, 
geoche~s tv ,  petrology and subsequent 
tectonic implications of their deposition/ 
emplacement. 

Recent workers (Blodget and others, 
1986; Clough,l989) have reviged the age of 
the K a t a k t u d  fkom Devonian (Dutro, 
1970) to Proterozoic or lowermost Cam- 
brian. This revised age based on stratigra- 
phic relationghips with the unconforma- 
bly, overlying and sparsely fossiliferous 
Nanook Formation, and eq~valents t o  the 
WhaleMountain Volcanics, near Kikiktak 
Mountain. Mapping by Clough (1989) 
indicates that  some 500 m of the 

Katakturuk may have been removed by 
pre-Nanook erosion. 

Nanook Limestone 

Units of the Nanook Limestone uncon- 
formably overlie the IQi~turuk Dolomite, 
They are present in the central part of the 
Sadlerochit mountains and fom the core 
of the Shublik mountains (plate 1). The 
Nanook represents at approdmably 1300 
m (Clough 1990) of light gray limestone, 
kth &or amounts of gray shale and 
some siltstone. Lateral facies are map- 
pable east-west, but are not as extensive 
as in the underlying K a t a k t d  f o m -  
tion. Fossils recovered from some of the 
lower part, but not the lowest part, of the 
formation are as old as Upper Cambrian 
and along with regional considerations, 
suggest an early Cambrian or uppermost 
Proterozoic age for the base of the Nanook 
(Blodget and others, 1988)s 

Thereis at least one major and angular 
m c o d o h t y  within the Nanook. The 
upper members below the u n c o n f o ~ t y  
have yielded fossils of Cambrian through 
Ordovician age. Blodget and others (1988) 
report a p p r o h k l y  107 m of fossilif'er- 
ous Devonian strata (Emsian stage and 
younger) that are preserved only in the 
eastern end of the Shublik Mountains. 
Paleoen~romental recongtmctions of 
these carbumtes how that they are both 
east-west trending platform carbonates, 
with persistent to extensive, mostly shd- 
lowing upwards facies (Blodget and oth- 
ers, 1988, and Clough, 1989). 

m e  K a t a k t u d  thins to some 1800 m 
in the Shublik mountains. Further south, 
in the Third and Fourth Ranges there are 
black dolonxite and shale lithologies* These 
black dolomite and shale d t s  are cur- 



rently mapped as N6 of the Neruokpuk 
Group (plate I), but they may, in fact, rep- 
resent coevd basin-mr@n and basin-plain 
equivalents of a south-facing K a t a k t d  
carbonate platform. (Clough, 1989). 

It is not hrnediately clear exactly how 
these thick and apparently coevd carbon- 
ates are related to  the Nemokpuk and 
Frariklinian depositional sequence rocks, 
respectively. They have distinct litholo- 
gies which differ siwficantly, one fiom 
the other. The carbonates of the 
K a t a k t u d  are typically dolo~tized, and 
silicSed, yet the Nanook has certain simi- 
larites to the Franklinian Devonian car- 
bonates from the Cma&anArctic Islands. 
Nemopkd-tme pulses of seamentation 
are absent. 

Both the Katakturuk and Nanook car- 
bonates and Nemopkuk clastics dip pre-
dominantlyto  the south at outcrop. Con- 
sequently, both suites may represent the 
south-dipping southern domain reflectors 
identified on the 1002 area seismic lines 
(plate 3). Lower units of both lack fossils 
and upper units of both have been eroded 
at a pre- E1lesmefia.n unconformity. Both 
are suggested to  have affinities to coeval 
T'indir Group gtrata to  the south in the 
Yukon and Porcupine drainages, but in 
mutually exclusive manners: the Neru- 
okpuk represents turbidity current depos- 
ited equivalents of the Tindir Group; and 
the Tindir Group with its overlying succes- 
sion of lower Paleozoics are basinward 
equivalents of the Katakturuk and Nanook 
platform carbonates. Thus there is ample 
justification for postulating that these 
separate and coeval suites of rocks repre- 
sent two or more we11 defined litho-tec- 
tonic terranes. 

In addition, there is a major uncon- 
formity between the Katakturuk and 
Nanook. Even though these carbonate6 
represent similar depositional environ- 
ments (south-facing carbonate platforms), 
they represent distinct and separate peri- 
ods of carbonate deposition. The angular 
unconformity separating the upper, De- 
vonian age part of the Nanook also sug- 
gests another discreet period of carbonate 
sedimenhtion. 

Consequently, rocks exposed in the 
Third and Fourth Ranges, identsed as 
Neruokpuk may be assigned to the part of 
either the K a t a k t u d  or Nanook deposi- 
tional sequences. This is padicdarlyvalid 
for the carbonate sequence of the Fourth 
Range which has affinites to bothN6 of the 
Nemokpuk and t o  a possible basinal facies 
of the Kataktumk. The Fourth Range car- 
bonates are geopapEcdly closer ta the 
Kataktumk rocks in the Shublik mom-
tains than t o  the Neruokpuk. Also, the 
style of its emplacement is similar to  the 
east-west trends displayed in the Sadlero- 
chit and Shublik mountains. 

D. Pre-Ellesmerian Seismic 
Reflectors 

Plate 2 shows two thick and separate 
sequences present in the ~tratigraphy of 
the bulge. Their compositions suggest 
that they may be coeval, but probably pre- 
serve different episodes of sedimentation. 
Hypotheses treating them as discreet tec- 
tono-strati~aphicterranes or postulates 
that they are depositiondly linked to coe- 
val Tin&r Group rocks require additional 
basic se&mentolo@cal data. In addition 
relationsEps between the Neruopkuk and 
G t a k t u m m o o k  carbonates are also 
unclear. 



Subsudace CDP seismic data fkom the 
ANWR 1002 Coastal Plain analysis shows 
that there is up to  or greater than, 4 
seconds (two-way travel time) of reflectors 
beneath the mapped Ellesmerim Sequence 
(plate 3). These reflectors may correlate 
either to the K a t a k t u d  m d  Nmook 
carbonates or to  the Neruokpk. Most 
reflectors are not areally extensive, but 
they tend tobe rather strong despite inter- 
ference from fault difEactions andice burst 
effects c o m a d y  seen in the lines pub- 
lished for the 1002area of ANWR. These 
reflectors c o m o d y  have an angular con- 
tact with respect to the c h ~of the pre- 3dis- 
sissippian' (TPM) reflector, which was the 
regionally mapped unit (plates 2 and 3). 

Fisher and B m s  (1987) identify two 
major domains based on the geometry of 
these pre-Essissippim reflectors, and two 
important horizons present beneath the 
western half of the 1002area, where data 
were favorable for intevretation. 

The southern domain reflectors dip to 
the south much like both LeEnmelrs 
Neruokpuk and the Gtakturuk and 
Nmook carbonates, and are cut by north 
verging thrusts (see plates 3, 4, and 5 
USGS Bulletin 1778). 

The northern domain reflectors are 
more c~nt inu~us,  dip more steeply, and 
generally dip to  the north, except a t  the 
coast where dips are steep and varied. 
Horizon A is the base of the north domain 
reflectors. These reflectors show possible 
onlap geometry with respect to Horizon A 
(plate 39. Basement-controlled, rift-asso- 
eiated normal faulting drops these reflec- 
tors very deep in the adjacent offshore 
(north). Horizon 3is the base of southern 
domain reflectors (USGS Bulletin 1778, 
figures 18-1& 2).Fisher and Bmns (1987) 

also suggest that part of the sequence 
thickness, and two-part geometry be at- 
tributed to t~wle-zone-se le  defom-  
tion. 

This style is similar to the compres- 
sional deformation in which multiple rep- 
itions, usually referred to as duplexes, 
uplifted the sediments forming Marsh 
Creek anticline feature which is a promi- 
nent feature in the west part ofthe ANWE 
1002 area. This style of defoma~oncan 
dramatically increase seismic internal 
thicknesses. 

Seismic definition and character deb-= 
riorate substantially across the 1002 area 
and trends in the eastern portion are less 
clear* The publicly released seismic data 
(&om the U.S. hterior Department 1002 
Area Coastal Plain Assessment and USGS 
Bdetin 1778) show that north verging 
thrust faulting is more extensive east- 
ward, at  the expense of the north d o d n  
reflectorsm The south domain ro  
considerably shallower in the east. An 
eastward continuation of this trend (sug- 
gested by the Bouguer gravity anamaly 
map onUSGSBulle~n 1778, plate 2)could 
explain the lack of Ellesmedan rocks 
exposed a t  the mountain front along the 
intemationd border (plate 1). 

Finally, there is the consideration of 
the oil potential of these rocks. Field de- 
~criptions suggest that these rocks have 
been locdy metmomhosed to the green- 
schist fades and even intruded by the 
Okpilak batholith and consan@neous 
igneous rocks. Lithalogic desc~ptions 
c o ~ o n l yinclude argiuite, phylfite9 as- 
sorted wackes and universally lack terms 
pertaining to petrolem (euch as porous, 
permeable, stained, etc.). 
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However? basement- penetrating (more 
correctly, pre-Carbo~erous) wells in the 
Pt. Thomson areaencomtered up to 130xn 
of? as yet unassinged? dolostone, argillites 
phyllite, sandstone, shale and limestone 
lithalogies with shows a d  tests of hydro- 
carbons (plate 1, table 1). These unas- 
signed lithologies are similar to Nemokpuk 
N6.Conside~ngthe similar descriptions, 
and subsurface seismic coverage, it ap-
pears likely that hy&ocarbom canat least 
migrate through these Proterozoic to  
Camb~an(?)Neruokpuk, or KatakturaW 
Nanook rocks. Oil migration is important 
as the prospects identified in the 1002 
coastal plain analysis may be? in part? 
compri~edof Neruokpuk sediments. 

The hydrocarbon producing potentials 
of the coeval K k t a k t u d  and Nanook 
carbonates and the various facies of the 
Fraddinian sequence rocks are as yet 
1mgeSymeazed. Devonian-age F r m -  
ian Sequence carbonates at  Mayogiak on 
the Aklavik arch? produce oil in the Mack- 
enzie delta area (figure 4). Drill stem t e ~ t s  
of the upper member of the Katakturuk at 
Canning River. Awl produced more than 
320 m3/day fresh water from vugs and 
fractures (table 1).Outcrop descriptions of 
G t a k t u d  lithologies frequently note 

f cornon-to-abmdant fractures and vugs. 
Nanook limestone Etholo@e~ are mostly 
fine gained-to crystalline. However the 
presence of one or more htrdomational 
unconformities supports postulates of 
enhanced secondary porosities and per- 
meabilities developing upon the uncon- 
fordty suxfaces. These various carbonate 
units also @hare a possibility, with the 
Neru~pk&~of being the basement rock of 
the Point Thomson area (table I). 

Of more importance though, is the 
similar possibgity as with the Nemokpuk 

rocks, that it is these carbonates forming 
the 1002 area prospects. 

EmGranitic Rocks 

Plate I shows exposures of granitic 
rocks in the bulge. The larger body is the 
Okpilak batholith which covers approxi- 
mately 370 M.Itis dso inthe area of the 
highest peaks. The smaller body? to the 
south is the Jag0 stock which covers less 
than 35W .The Mt. Sedgewick? -erg 
num granites are additional small igneous 
bodies located some 50 km.to the south 
and east, in Canada (Norris arid Yorath, 
1981). The 1700 M Old Crow batolith is 
approimately 150 k m to the south. 

4 1  these granitoid bodies are acidic 
igneous intrusive typically described as 
vev-fine-p&ned to  vev-coarge-p&ned, 
quartz monzonites to s y e n o & o ~ ~ s ~hav-
ing mostly gradational textural contacts. 
Sable (197'7)reports that the granites in 
the bulge have common biotite, and mus- 
covite accessory minerals? common galena? 
p*te? c h d c o p ~ b ,and purple fluorite. 
Precious metals a d  pegmatites are lack- 
ing. 41these pairtitoids me also severely 
weathered and cummody hydrothemdly 
altered which results in abundant gms. 
Sable (1977), Nomis and Yorath (1981)* 
and Dillon and others (1987) report on 
radiometric age-date d e h h m t i o n s  for 
these plutons. 

Maximum ages are determined (lead- 
alpha and pokssim-argon fimm biotites 
and homeblendes? and lead-lead from zir-
cons) to be approhately 430 ma which is 
roughly the Silusm-Devo~m boundary. 
Further analyses (lead lossw) suggest 
overprinting at appro&ably 60ma dates 
associated with tectonically driven oro- 
genesis. 
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Table I .  OH and gas tests from wells in Point Thornson Unit 

Sohio AK Is 1 4571-4579 62.3 2495 
EXXOn AK St F1 42494365 70-3. 2193 
Exxon AK St A1 3961-4018 salt - water 

3830-3851 62-3 350 
3669-3682 3*3 19-2 
3472-3481 63.7 18*5 
3530-3559 325  34 a 7 
3551-3570 flowed 2.4 



Figure 4= Some of the major oil and gas activities in the Arctic 

including the National Petroleum Reserve-Alaska (NPRA), Central Arctic Managemem Area (CAMA), Arctic National Wildlife Refuge 
(ANVVR), and Northern Yukon National Park (NYNP) 

(Key: numbered circles show seismic line location and figure reference) 



This hbrpreb6on supports field data 
(Leffingwell, 1919; Mertie, 1923; Reed, 
1968; Sable, 1977) which describes the 
Neruokpuk as being altered by the pan-  
ite, but not the mconfomably overlying 
lower mssissippim and younger Elles- 
merian rocks. Leffigwell(l919) noted the 
absence of any channel lag deposits of 
Okpilak granite in the basal Ellesmefian 
Kekiktuk conglomerate, and Reed (1968) 
suggested that pre-Kekiktuk erosion 
removed more than 10 km of section, 
Bouguer gravity data (Kososki and othersF 
1978) shows a -130 mgal anomaly coin& 
dent to the location of the Okpilak bqtho- 
lith. This is the largest negative Bouguer 
gravity anomaly on the North Slope (Bar- 
nes? 1977). 

PubEshed density data shows that the 
Okpilak batholith is 2.64 g/cc vs. 2.68 g/cc 
for the surrounding lithologies* Geophysi- 
cal modelling based on density differences 
does not comfortably accomodate a rooted 
granite having -130 mgal anomaly. And, 
mapping (Decker? 1987) of sheared zones 
at the basal granitoid contacts supports 
inteqretation of a fault emplacement for 
the batholith. 

Bird (1977) reports another pariitoid 
body that has similarities to the granites 
of the bulge. Drilling operations at the Em 
Teshepuk #I well NPRA dong the Barrow 
Arch hit "conglomera~c sandstone" a t  a 
3237 m. Closer analyses determined that 
the quartz and feldspars in the smples 
had aninterlocking texture. A wash or lag 
deposit was rded out because the grains 
had had no weathering rims on grains? no 
adhering matrix clays? no sand 
and no rounded or smooth edges. 

Bird and others (1978) report that the 
E. "I'eshepd granitiod yields discordant 

radiometric age-dates (332 ma from KO 
feldspar and 243 ma from biotite). These 
are considered minimal ages from slightly 
altered feldspar which suggests that the 
actual age is closer to the age of the gran- 
ites of the bdge* X-ray fluoresence analy- 
ses of these cuttings are comparable to the 
Okpilak batholith composition chemistry 
(Bird and others, 1978). haddition? the E. 
Teshepuk granite is assosciated with a 
Bouguer gravity negative momaly. How- 
ever,it is not as significant as the Okpi1a.k 
anomaly, which may be due toWerences 
in s w o m h g  bedrock type8 ,mode of em- 
placement or geometry of the subsurface 
body(bo&es). Barnes (1976) shows an ir-
regularly shaped, northwest trending -20 
mgd anomaly on the east side of Teshepuk 
Lake. Bird and others (19781 report that 
the well is on the flank (as defined by the 
-20 mgd contour) of this inferred feature* 

FmEllesmerianSequences 

Lerand's Ellesmerian Sequence (1973) 
detailed nofiherly-de~ved seamenhtion 
from the Upper Dwonian to  the Jurassic. 
Typically? these units are treated as a 
single entity. However? Hubbard and oth-
ers (1987) hrther &vide the northerly 
derived, pet rolo~cdy mature provenance 
sediments into depositional megase- 
quences owing to the much more extensive 
data base that is available for the post 
Upper mssissippim stratieaphic section. 
Each megasequence boundary is coin& 
dentdtoregional m m d o & ~ e s  as a result 
of basin response to  adjacent tectonic proc- 
esses (Hubbard and others, 1985). De-
vonian-age regional uplift and the post- 
orogenic emplacement of the Okpilak 
Batholith and associated plutons marked 
the initial stages of elastic deposition. 



Lower Ellesmerian Megasequence 

Hunt Fork Shale and Kanayut 
Conglomerate 

This basal megasequence of Elles- 
merian rocks is not known in the area of 
the bulge owing to both erosion and non 
deposition. But elsewhere, for some 1000 
k n ~acrosg the length of the Brooks Range, 
itis ody known fkom structurally allocth- 
nous block^. Yet, the Hunt Fork Shale 
and the overlying Kanayut Conglomerate 
(Lower Devo~an)  represent some 2600 m 
of a major nor&easterly derived synoro- 
genic clastic wedge (Nielsen, 1981, Moore 
and Nielsen, 1984). Depositiond faeies 
range? upsection? fkom deep water basi- 
nd,  black? sparselyfoss~~erous shale with 
some turbidity current deposits through 
massive-bedded, nonmarine, braided- 
stream? cobble conglomerates. 

Middle Ellesmerian Megasequence 

Endicott Group 

Amarked, angular uncodohty  sepa- 
rates Hubbard and others' (1987) first 
and second El lesme~m megasequences 
in this part of Alaska. They show this to 
be amajor regional erosional and tectonic 
event marked by regional folding and 
faulting patterns. This is dso the top of 
the pre-Mississippian (TPM), reflector 
that was mapped for the ANWR 1002 oil 
and gas analysis report. Seismic t h e -  
maps of the TPM show the extent of large, 
seismically identifiable prospects. Plate 
1shows the exposures of the Ellesme~an 
roch. 

These are essentially juxtaposed to 
the outcrops of the older rocks on the 

Alaska side of the border roughly forxriing 
a Romanzof Momtains anticlinorium. 
Whereas on the Yukon side of the border? 
the Ellesmerian rocks are largelyremoved 
by erosion. Middle Ellesmerian megasem 
quence deposition began with a Lower 
Wssissippian trmspessive sequence that 
is known the length of the Brooks Range. 
The Kekiktuk Conglomerak is the basal 
unit of the clastic Endicott Group. The 
Kekiktuk usuaUy congists of up to  120mof 
siltstone, fine-to m e d i m - g h e d  sand- 
stone and ~onglomerab~ deposibd pre- 
dominantly in braided and meandering 
streaxn environments. Thin (generally <I  
m thickness) coal beds of anthracite rank 
are present in deltaic lithologies. 

Overall, the outcrops of coarse-pained 
conglomerates are d i s ~ o n ~ u o u s  dong the 
mountain fiont in the bdge, but are better 
developed? exposed, and preserved to the 
south. The sandstones and siltstones are 
quartzose, gray or tan?with carbonized 
wood and leaf imprints. The chert pebble 
conglomerates typically have silty, gray to 
brown matrix materid, with moderately 
sorted and rounded black and white chert 
pebbles. 

At autcrop these rocks are indurated 
and very hard. But secondary porosities 
and pemeabgibs (averages 20 percent 
and 1150 md respectively) developed along 
unconformity surfaces and diagenetic 
pathways? have enabled the migration and 
accwdation of approGmately 52 MI4 
MT oil and 20 MMM cubic meters associ- 
ated gas, in place (Berhman and others, 
1985) at  the Endicott Field ime&ab ly  
offishore, northeast of Prudhoe Bay (table 
2). The &yak and Itkilyariak shales 
overlie the Kekiktuk or are present in its 
place. The Kayak described &om fresh 
drill cuttings is up to400 m of gray to black 



fissile shde, and itis generally phyllitic at 
outcrops in the Arctic National Wildlife 
Refwe. The Itkilyariak is also phyllitic, 
but itis maroon or reddish at the Prudhoe 
Bay Field and a t  crops along the mountain 
front in ANWR (Mull and Mangus, 1972). 

Lisburne Group 

The En&cott Group shales grade into 
the platform limestones of the Lisburne 
Group(U.mssissippim -Pemsylv&m), 
These carbonates are the among the most 
areally extensive and resistant lithologies 
of the Brooks Range. They also extend into 
Canada, where drilling in the Mackenzie 
delta area has penetrated the carbonates 
in some 18 tests (Dixon and others, 1988). 
Thickness in this area is approemately 
600m. 

The lower, somewhat less resistant 
unit is the Napah Forma~on? and it is 
separated by a thin shde unit &om the 

upper and more resistant, ledge forming 
Wdoo Formation. These limestones are 
predodnmtly hard, dense, gray? mas- 
sive and micritic. Mcrofossils, vugs 
fractures* some cal~k-filled, are common 
throughout the section* Across the North 
Slope there are also zones with distinctive 
lithologies and fabrics like dolomitesp oil 
shales, layers of black and white chert 
nodules, macrofossils and ooids. 

Well and outcrop porosities and per- 
meabilities are typically low. Butp fiac- 
tares and secondary porosity, mostly de- 
veloped at  anmcodomity suxface? facili- 
tate oil production a t  the Lisburne Eeld 
near Prudhoe, with reserves estimated to  
be approfimately 20 - 30MM MT (table 
2). K m a r  (1989) showed some of the re- 
1ationsEpsbetweenfracture distribution, 

orientation and permeabfii~esversus oil 
production fiom the Lisburne FSeld as de- 
termined from 3D seismic analyses. Non- 
produceable oil column was found in the 
W.T. Foran well in NPRA. Residual oil 
was also encountered ofl'shore a t  the 
Mukluk well, 

Further west and to the south of the 
bulge? the Lisbume Group platform car- 
bonates are more varied in lithology. Bird 
and Jordan (1977) fist s u b & ~ ~ i o n s  used 
around the Prudhoe Field. From mapping 
further south, Mull a d  others (1982) 
reported an oil shale lithology9 referred to  
as "blubber rockp lithology, in the Lis- 
burne on allocthons in the central arctic 
area. 'Ibis unique Ethology may be indica- 
tive of a coeval, but completely separate 
Lisburne. At Tmalik well (NPRA),the 
westernmost subsurface penetration, more 
than 425 m of Li~burne was found, includ- 
ing 22 m.of volcanic rocks (Banet, 1983). 
Campbell (1967) described 1250+ m of 
both p r e d u ~ n m a y  carbonate and clastic 
Lisburne rocks at the its westernmost 
crops along the Chukchi coast, 

Upper Ellesmerian -
Megasequence 

A compound and regressive third Elles- 
merian megasequence followed uplift, tilt 
and erosion ofthe Lisburne Group carbon- 
ates. This is the Sadlerochit Group, and it 
records a third phase of Ellesmerian 
mountain building. m e  basal Echooka 
Formation is a marine sandstone. It rests 
mca&amably on an eroded Lisbmna 
surface that has measurable reEefhnod- 
east Alaska. The sandstones are sorted, 
mostly fine grained, quartzose, white t o  



light-gray and thin-to mediu-bedded 
with planar cross beds. 

At outcrop they are silicified with &or 
amounts of limonitic and glauconitic ce- 
ment. These sands are hard except were 
oil stained. They characteristically 
weathertobrowntorust-colored flagstones 
less than 0.5 m across. Thickness varies 
fiom approgmately 2 m at the west end of 
the Saderochit Mountains t o  approxi-
mately5mnorth of the Okpilak Batholith. 

ivishak Formation 

Well and outcrop data from this area 
record the next transgression. This is 
h o r n  as the Kavik Shde Member and it 
is some 60 to 120m of thick, black, fissile 
shale, interbedded with thin, widespread 
units of coarsening upwards promdelta 
siltstones and fine grained sandstones. 
Although vitrinite thermal maturities are 
as high as the metagenetic stages in meas- 
ured samples from the AbAVR 1002 area? 
total organic carbon a~lysesin&cate that 
these lithologies may have hydrocarbon 
source potential in areas where come- 
latable facies are less severely altered 
(table 3). 

The overlying Ledge Member sand- 
stones (comedy referred to as Ivishak 
smds) represent the admination of amajor 
marine regression. These are thick to 
massive-bedded, fine-grained to coarse-
grained sandstones and black and white, 
chert-pebble conglomerate. They are 
quartzose, mostly well-sorted, amalga- 
mated channel sands representing mean- 
dering? braided streams and alluvial fan 
deposition. Exploration d~lhgf inda  these 
sands across most of the North Slope 
Coastal Plain. Thicknesses are variable? 
and up to 200rn at Prudhoe Bay* Although 

fossils are scarce, palpomoqhs from in- 
terbedded shales yieldlate Permian -early 
Triassic age, Nlochthon-resident, time- 
equivalent* distal facies exposed in the 
Brooks Range consist of banded cherty 
shales, interbedded siltstone and siliceous 
shale of the Siksikpuk Formation (plate 2). 

Exposures of the Sadlerochit extend 
across this area and thicknesses average 
more than 130 m along the south flank of 
the Sadlerochit Mountains, These rocks 
are very hard and dense. They are usually 
completely silicified, with minor amounts 
oWonite cement. Typically they weather 
into large brown to mst-colored blocks 
(~1 .0m) that fkacture across grains; even 
across the large clasts. 

The Ledge is the main reservoir unit of 
the Pmdhoe Bay Field. There* lithologies 
that are similar to  those exposed in the 
SaderocKts, have porosities up t o  35 
percent and pemeabilities in excess of 
4000 IUD (Jmnieson and others, 1980) 
owing largely to  secondary porosity from 
unstable grain dissolution along mcon- 
formity surfaces and diagenesis of the 
cements. In fact, the entire coltmn at 
Prudhoe tends t o  be heavily oil-saturated 
to  the extent that production is limited 
mostly by permeability barriers. Original 
in-place reserves were estimated to be 
-4.144MMh4 MT oil and -850 BlMM cubic 
meters of gas (table 3). Appro~makly 
I100 ISEM MT has been produced since 
1976, and improved recoveries may ap- 
proach 50 percent of the original in place 
reserves. 

The Ledge sandstone isoverlain by the 
thin and interbedded gray to  dark-gray 
and black siltstones and shales of the Fire 
Creek Siltstune Member* Thisis a region- 
ally &sconthuous unit due to  erosion. 



Most individual silststone beds are less 
than 0.1m thick and the entire xinitranges 
in thichess from approAmately 30 m to 
60 m where it crops out on the south side 
of the Sadlerochit Mountains. 

Shublik Formation 

Restricted marine conditions persisted 
with the deposition of limestone? calcare- 
ous sandstone and black phosphatic shde. 
These lithologies comprise the regionally 
extensive Shublik Formation. The lime- 
stone and shale are black? with phosphatic 
~ancretions~and typically bear Monotis 
and Halobia fossils. The calcareous sand- 
stones are mossym y  ~ t h l e s s e r  mounts 
of concretions and fossils. These litholo- 
gies are widespread across the north side 
ofthe Brooks Range. They arealso usudly 
associated with high concentrations (mass 
percent) of organic carbon and phosphate. 
Specifically9 these are oil prone indige- 
nous kerogens and are thus considered to  
be rich source rocks. Geophysicdlogs usu- 
ally show thisinterval to be high (shot")in 
natural gamma radiation and readilyiden- 
tified. Facies become more mud rich and 
less calcareou~ or phospha~c to the south 
(plate2)-Coeval units in the Brooks Range 
are the Ot& Formation and B1akenshi-p 
member. 

The critical timing of the uplift, erosion 
and porosity enhancement followed by the 
subsequent burial of the thermally matur- 
ing Shublik 8owce rock, iri migrational 
proximity to the Sadlerochit reservoir 
sandstonesp created the North Slope hy- 
drocarbon habitat that bears the Prudhoe 
Bay and lesser fields (table 2).At Pmdhoe, 
the Shublik isalso an oil-bea~ng reservoir 
rock. At the Kemik and anticlinesit 
tegted dry for oil9 but has presently sube- 
conodc amounts of gas. 

Karen CreWSag River Formations 

StratipapHc&y equivalent units? the 
Sag River and Karen Creek (U.Triassic) I 

sandstones? overlie the Shublik. These 
sand bodies are widespread across the 

INorth Slope and are typically found in I 

wells in NPU to outcrops in the morn-
king south and east of the 1002 area of 
ANWR. They have characte~stics of 
shallow marine depositional environ- 
ments. This regiond regression marks 
the end of Hubbard and others' (1987) 
third megasequence and find pulse of 
Ellesmerian s e h e n t a ~ o n .  These sands >t 

are mostly siltstone to v e w - h e - p ~ n e d  
sandstone, white to light gray, generally 
qmrkzosewithc o r n o n - b - a b m h t  ghu- 

\conite? and they are tmically bioturbated. 
Thicknesses range up to  16m and the unit 
is a minor reservoir at  Pmdhoe due to 
secondary porosities. At the &vik anti-
cline it te&d gas &om fractures* At 
outcrops in this area? it is silicified and 
hard? c o ~ o n l y  fkactured, with some 
quartz veinfill, and it weathers tan to 
brom* 

G. Breakup Sequences 

The breakup megasequence rocks rec- 
ord the series of tectonic events that ter- 
minated regional se&menhGon from the 
northern omgenic influences and eEected 
the opening of the Arctic Ocem-Cmada 
basin* This was a discontinuous and multi-
stage process which involved multiple pre- 
rift, f~led-fit and rift uplift^. Accompa-
nying subsidences formed by predomi-
nantly high angle normal faulting and 
filled during alternating energetic ero- 
sional and quiescent periods. Repo~itional 
centers were dong a predodantly east- 
west trending, basement-lfied feature 
now referred to as the Barrow Arch (figure 



Figure 5" Major North Slopemrelated tectonic features 

(Key: sub-basins listed by number; highs named or have letter designations) 



5). The major down to basin n o ~ a l  fault-
ing is controlled by the spreading that 
opened up the Canada basin. This is the 
Hinge Line, and it is mostly imme&ately 
north of the Barrow Arch proper (figure 5) 
which is the structurd culmination ofthe 
Breakup uplift. Thus there are limited 
areas of pre- Breakup rocks preserved 
north of the Arch and south of the Hinge 
Line. 

Kingak Shale Formation 

The Kingak Shde(Jurassic -L. Creta- 
ceous) is &scodormble upon the Elles- 
merim Sequence Sagf i ren Creek sand-
stones. It represents two North Slope 
t r m s ~ e s s i o d r e ~ e s s i a n  the~ o u p l e t ~ ~  
lower Breakup megasequence (Lower 
Beadodim) and the major change in 
basin polarity (Hubbard and others? 1987). 
It  is found in wells of western WRA and 
almost continuously at  momtain-front 
outcrops across Alaska, into the Yukon 
Coastal Plain (usually swales or covered 

extensive northerly derived depositiod 
event between Ellesmerian and Brookian 
rocks. 

Amass northern Alaska, the Kingak 
thickens southward from the Barrow Arch 
area into the ColviUe Trough where itis at 
least 1000mof section. Drill hole and seis- 
mic data show mostly thin* typically in- 
terbedded, mostly continuous sand-
stone and siltstone units within the E n -  
gak Shde immediately on both sides of 
the Barrow Arch. Drill hole data &om the 
Cohdle trough and outcrop data from the 
mountain f'ront show that it is mostly 
dark gray-to-black shale with some ben- 
tonitic beds? quite silty, andlocally fissile. 
The Coldle trough datashowtheKingaka 
to represent undisturbed, deep-water, 
k~ling-mar* sehentation. 

The King& shale crops out both inthe 
mountains and on the Coastal Plain in 
ANWEi where it is gray-to-black* very 
silty hale with some mega-fossils includ- 

by float since it is not a ~ d g e - f o r ~ n g  ing crinoids and ammonites. Farther 
unit), and there is a litholodcally sknilar 
d t in wells in, and outcrops around, the 
Blow River Trough (plate 1,figure 5). 

Consequently, this unit represents 
quite different inteqretations to  differ-
ent investigators working ou~rops  as 
opposed to working the Barrow Arch area. 
Workers after Lerand (1973) or Bird and 
Molenaar (1987) who work in the Brooks 
Range typically include the Kingak with 
the Ellesmerian Sequence. Coevdlitholo- 
gies preserved only on allocthoris are also 
believed to record some of the earliegt 
subduction-related precursors of the 
Brookian events, Hubbard and other^ 
(1987) and C a m n  and Hardwick (1983) 
mo&& sequence nomenelatwe to accom-
modate a discrete separate and regionally 

south and particularly west* it and older 
fomations, (the Sag Riverfiren Creek, 
8hublik and IvisM) grade into the rhyth- 
dcally hkrbedded chert* siliceous shde 
and silicified limestone lithologies of the 
Otuk Fornation (Bodnar, 1985) which 
are only exposed on dlochthons in the 
Brooks Range (plates 2 and 3). 

Both the shelf and slope facies, how- 
ever, have d t s  with significantmounts 
of indigenous organic carbon and can be 
considered potential hydrocarbon source 
beds. Bentonite beds in the upper part of 
the section are attributed ta the oneet of 
subduction related volcanism and precur- 
sor to Brookian uplift and se&menh~on 
which m y  have started as early as the 
Bajocian stage. The northern suite of in- 



terbedded and coarser- grained clastics 
marks several tentative beginnings of rift-
inglpre-rzting that opened the Arctic 
Ocean. The easbrly-plm&gBmow Arch 
is a remnant of that uplift. In northeast 
Alaska at  the Point Thomsof l lman  
area, the Arch complex is comprised of 
mildly me-ovhosed (probableunitN6) 
Neruokpuk sediments that are some 2000 
m deeper than the more mehmomhosed 
rocks that form the basement atthe Arch's 
apex near Barrow. Sporadic and episodic 
pulses of mostly fine-grained? quartzose 
but argillitic and glaucoriitic clastics were 
shed fkom these early rift associated up- 
133s and incorporated into the Kingak. 

Despite some petrolo@cdly poor res- 
ervoir potential, wells in the Barrow area 
tap these sands for gas reserves (arguably 
commercial) and sirnilarmage sands (L. 
Jurassic) at Walakpa have been tested for 
gas reserves (table 2). Both sands have oil 
shows. The more widespread ~mdstone 
units such as the Simpson sandstone fkom 
WMmark the mostly regional mid-Ju- 
rassic (Bajocian) discodormity while rifu 
pre-rift influences were negligible. It also 
divides the King& into a widely recog- 
nized lower and an upper unit. 

Coeval facies in Canada are mostly 
black, fissile to very silty shales. Podton 
(1982)describe8 thin-bedded probable 
turbidih sandstones and shale on the 
Coastal Plain i m e & a b l y  east ofthe U.S. 
border. These crop out atop the N3 unit of 
the Neruokpuk sediment6 either uncon- 
furmably with all ZUesmesm Sequence 
sediments eroded or as an dlochthon at a 
fault contact (Nomis, 1985b, 1986). East 
of the Rapid Fault array in the Blow River 
Trough? there are cyclic, coarse~ng-up- 
wards (medium-to coarse-gained), glau- 
conitic sandstone and shale sequencesm 

These are easterly derived s e h e n t s  that 
shale out entirely or are faulted away by 
the north-south strike-slip components of 
the Rapid Fad t  Array towards the bulge 
(figure 5). The organic t h e d  maturi- 
ties of these facies tend to be high and 
typically into the metagenetic range; con- 
siderably higher than the thermal ma-
turities seen in the U.S., except for some 
fault uplifted King& exposures within 
the mountains. 

Upper Breakup Megasequenw 

The upper break up megasequence also 
consists of two early to ~d-Cretaceous 
depositional sequences: these, recording 
the esects of successfd riffing! Across 
most of the North Slope there is discern- 
ible angular mcodormity between the 
two breakup sequences (figures 6and '7). 
This is cormnody known as the Lower 
Cretaceous Uncododty (LCU), at  which 
the Kingak and older sediments are trm-
cated along the Barrow Arch as observed 
in ?iIâ‚¬?Rthe Prudhoe Bay area and in 
wells adjacent tomand at  selected outcrops 
in the western part of the bulge. Garman 
and Hardwick (1983)first presented the 
concept oflocdized, non-Ellesme~m and 
non-Brookim sediments along the trend 
of the Barrow Arch. They 1 s t  their 
Barrovian breakup sequence to these 
rocks above the angular Lower Greta- 
ceous Uncodohty  (LCU) in their de- 
tailed subsurface analysis of the clastic 
sediments ofthe Kuparuk Field area. Craig 
and others (1985)call these the Rifk Se- 
quence rocks in their Beadox% Sea analy- 
sls* 
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Figure 7. Seismic profile offshore from Prudh~e Bay 

showing the elements of all major sedimentary megasequences. 

Pre-Ellesmerian units are down-to-basin norm! faulted by Breakup rifting. Ellesmerian megasequences are uplifted and truncated. 
Breakup units thicken markedly in the rift. Lower and Middle Brookian megasequences overstep older units and prograde seaward from 
Hinge h e  f suiting. 

(Note: substantial vertical exaggeration; arrows show throw an faults, representative retlectors shown; unconformities weighted.) 



Lower Cretaceous rocks are above the 
LCU across the North Slope- Detterrnan 
and others (1975) describe a varied lithol- 
ogy that includes over 600m of siltstone, 
shale, and sandstone which crops out dong 
the Kongakut River, north of Bathtub 
synche.Drillhole data md outcrops along 
the mountain front usudly show only the 
shale and sandstone units. 

The shales are typically black, fissile 
toblocky, locally pyritic* with several ben- 
tonitic beds, and they have &aractefistic 
and roundeds floating, frosted sand 
gains, pebbles and some cobbles. Sand- 
stones and silt stones are fi-bedded, m d  
not en~rely  mcomon.  This is the Pebble 
Shale Unit ( H a u t e ~ ~ a n  - Valanginian). 
It typically has one to three percent or-
ganic carbon 'Type I1or  Type a1kerogens 
(table 3) indicating that it is capable of' 
generating oil? gas or condensate upon 
reaching thermal maturity (Magoon and 
others, 1987). 

Field s ~ ~ o m e b r m e a s m e m e n b  and 
oil well gammaray logs show a d i apos~c ,  
highly radioactive zone at the tup of this 
unit which is a widely used marker in 
subsdace work on the North Slope* The 
Pebble Shale Unit is approdmately 100 m 
to 150 m at outcrops and in well logs. 
Further west, the Pebble Shale unit ex-
tends through the subsurface of the 
Coastal Plain into the Central Arctic area 
and into BWM. At outcrops dong the 
mountain fiont, its stratiaapKc relation- 
ships change and it is mapped as a mem- 
ber of a deep water sequence of rhythm& 
cally bedded, thin, flysch-like, fine- 
pained, sandstones? siltstones and shale 

(Grycand others, 1951). These southern- 
most sediments are far removed fkom the 
Break Up geology along the Arch and tend 
to reflect the early stages of southerly- ] 

derived Brookan orogenic input, 

The Kemik Sandstone ( H a u b ~ ~ a n )  
is a stratigraphic unit consisting of iso- n 

lated- t o  overlapping elongate northeast- 
trending sandstone bodies. Typically, 
these sands are some 40 Ianby 10Ian and 
up to 50 m thick. Where present, the 
Kedk  sand is the basal part of the Pebble -
Shale unit, lying above older units tm-
cated by the LCU* 

K e d k  lithologies are mostly fine- to 
me&m-adned, quartzose sandstones 
that are petrolo&dly similar to  the Elles- 
merian sequence rocks. Ripple mark^, 1l 

large-scale trough cross beds? mud bands, 
and clam &ell impressions are common 
throughout the Kemik* as are thin string- t 

em of black and white, chert-pebble, clast- 
suppo&ed conglomera~s. 'This geometry 
and description is characte~stic of mod- 
ern offshore barrier bar depositional envi- 
ronment~~The sandstones crop 
out along the mountain front, are a seis-
dcally mapped anit in the Teshekpuk 
L&e ama{Teseneer, 19851, andareknown 
in the subsurface as far west as Tunalik 
well (Banet, 1983) in WRA.Noncomer-
cid amounts of dry gas (up to 28 W I 

cubic meters at  Kavik)? and shows of oil 
and gas have been found and tested from 
this unit at  several North Slope wells I 

(table 2). 

Point Thornson Sands j 

Additiond Early Cretaceous breakup I 

sands are thicker than the Kemik, But 
well data show that they are areally re- 



stricted to  the Barrow Arch trend along 
thenorthem coast inthe subsdace. These 
sandstones occupy grabens and/or the 
flanks of localized fault uplifted highs, 
and they are directly connected with the 
rifting events. 

Lack of good well control away &om 
the developed oil fields probably means 
that numerous localized uncodoeties 
amongst the sands and shales are m-
documented, but probably important in 
d e b ~ ~ n ghydrocarbon migration path- 
ways and trappiqmechdsms. The Point 
Thomson sands consist almost 100 m of 
fine-grained quartzose sands and conglom- 
erates with abundant angular dolomitic 
lithic fragments and lesser mounts of 
argillite f iapents.  The nonmarine log 
character, drill cuttings lithology and 
petrology, and the geometry suggest that 
these sands are not far removed from 
their localized s e h e n t  source. These 
sands are directly adjacent to AJYWR and 
have anestimated 49 MM MT of recover- 
able oiVcondensate, and 141MMM cubic 
meters gas. 

Ugnuravik Group 

CarmanandHardwick (1983) describe 
in detail the amlgmated? stacked, flu- 
vial channel and shallow mafinemderived 
sandstone units comprising the Kupamk 
Formation of their proposed Ugnuravik 
Group. They describe these as poorly- 
sorted quartzose sandstones, varying from 
fine- to medim-pained and rarely coarse- 
grained or conglomeratic. Intermandar 
clay is ubiquitous. These sandstones were 
deposited as a result of localized and pre- 
dominantly nodwest-southeast trend- 
ing normal fadting. TEchesses vary 
widely across the area due to this synde- 
positional f ad  ting. 

Interest in these sands is excited by 
the estimated 630 h!RM. MT of in-place 
reserves estimated to be In the K u p a d  
River Field reservoirs. Subsequent on- 
shore drilling reported in the wee2dy 
Petroleum Momation news has revealed 
that these sands occur over an area from 
at least the WRAeastembomdm, along 
the Colville River to Gwydyr Bay. These 
sandstones are typically oil bearing, hav- 
ing recently tested flow rates of approxi- 
mately 150MT1da.y fiom the most recent 
discoveries in the Colville Delta. World- 
wide, syn-rift m dpost-rifi sediments are 
receiving increased oil and gas activity in, 
for example? South America, the North 
Sea, Canadian Kbernia, and the west 
coast of &cad 

Simple extrapolation of these bredup 
sequence sands eastward across the Can- 
ning River, fkom the Point Thornon dis-
cove~essuggests an exciting9 and per- 
haps mderes~mated 'play' for oil and gas 
exploration in the Arctic Coastal Plain 
and adjamnt oEshore ofnortheast Alaska, 
and perhaps, northwestern Yxtkon. 

East of the Blow River Trougmapid 
Fadt  h a y , most coeval, regressional, 
elastic-wedgese&menuGonislinked with 
transtensiond events (Dixon, 1982),with 
marine conditions predo~nating.  AI-
though a mostly shalerich environment, 
some sands were deposited and have been 
the focus of' some exploration for gas and 
oil in the Maclcenzie delta. 

H. BrookianSequences 

Lermd's (1973) Brookian rocks are 
the demonstrably diachronous and ex- 
tremely thick, entirely southerly derived 
clastics that prograde north and east over 
all of the praviously described North Slope 



tectonic and stratieapfic elements. The 
first of three megasequences began with 
deep-water, tuffaceous, turbidite-sand 
gehenh t ion  several hundred Home- 
ters to the south and west of the present 
mountain fkont. This may have been as 
early as the Bajocian stage, and likely no 
later than Tithonian of the Jurassic~ in 
the central Brooks Range (Hubbard and 
others?1987). 

This initial pulse of deep water sedi- 
ments comprising the basal portion of the 
lowest BrooEmmegasequence are mostly 
inf'erred as their field rela~onships tend 
to  be obscured far back in the Brooks 
Range, or  me far traveled on allochthons, 
or are deeply buried beyond seishc and 
drill hole resolution. 

Lower Brookian Megasequence 

Lower Brookian megasequence set%- 
mentation in northeast Alaska consists of 
some 80b1200 m of dark gray- green 
medium to coarse-p~ned graywacke? 

crate* siltstone and shale which 
are restricted to the axis of Bathtub Sp-
cline. Reiser and others (1980)describe 
these as mostly cyclic units consisting of 
shale interbedded with thin- to  medim-
or massive- bedded sandstones and chert 
or Ellesmefian-pebble conglomerates. 
Planar cross bedding, graded units, flut- 
ing, laad casts, abundant carbonaceous 
material and plant material corroborate 
that these are turbidites and that they 
were deposited from the south. Although 
the Bathtub graywacke lacks fossils? 
Detteman and others (1975) assign the 
Bathtub Graywacke to younger than 
Pebble Shale (Hautes~an)  with which it 
is conformable9and older than the 10caUy 

Fortress Mountain Formation 

Elsewhere along the brook^ Range 
mountainfront? as far west as the NPRA, 
there are conspicuous^ isolated outmops 
of similar9 well indurated* often composi- 
tionally immaturep nearly coeval, crudely 
bedded, poorly to well-sorted, Ethic aren- 
ites and conglomerates* These are the 
Fortress Mountain Formation. Crowder 
(1987)stunmarizes these exposures as 
fidge-fohng thumbprint synclines, and 
shows locations of outcrops restricted to 
the rolling foothills parallel to the entire 
mountain fkont (figure 8). 

Overdl, Crowder (1987)estimates 
these sandstones* conglomerates and 
shdes may be as much as 3000 m thick, 
but limited exposure and section-repeat-
ing thrust faulting (as in the Awma No*1 
well?NPU)arenecessaxy caveats* Rather 
than representing a single basin filling 
episode, detailed fieldmappkg (J.S.Kelley 
persond co- cation, 1989)suggests 
that, at  least locally in=the Chandler Lake 
quadrangle, these northward propa&ng 
clastics are separata d t s ,  and that they 
are possibly geparated by mcodoet ies .  
Consequently 1 suggest that all the For- 
tresg Mountain sands of the thumbprint 
spclines and in the subsurface are &a- 
chronous both north-south and eastawest. 
They represent multiple9 slightly/aredly 
limited, overlapping episodic and sporadic 
pulses of p redo~nmt ly  fadt-conkoIled 
regional ae&mentation from uplif%s along 
the incipient Brooks Range mountain 
front. 
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(modified f ram various authors) 

Figure 8. Lower Brookian megasequence 

Fortress Mountain Formation, Toruk Shale, Bathtub Graywacke, and Albian flysh 

(Key: approximate extents of coarse-grained lithologies are hatched; 3humWrinY synclines are outlined) 



Further east? the Blow River Trough 
began to receive Brooks Range sedimen- 
tation during the Nbian (figure 8). Dixon 
and others (1985) describe a very thick 
flyschoid sequence of deep-water turbid- 
ites m d  cobble conglomerates that thins 
dramatically eastward. These Nbian 
sandstones and shales overlie the Juras- 
sic &gak Shale in two Y&on coastal 
plain wells (plate I).This is ad e p o s i ~ o d  
relationship somewhat similar t o  the 
break up sequence rocks along the Bar- 
row Arch. That these sediments closely 
resemble coeval rocks that crop out be- 
tween the Yukon and Porcupine rivers? 
Lee, the Biedeman Argillite and Kathd 
Graywacke (Brabb and Churkin, 1969), 
lends support to portions ofSmith9s (1987) 
strike slip reconstruction of the Arctic, 
What is now south of the Brooks Range 
wodd have been in close proximity to  the 
Blow Ever Trough and receiving input 
from the rising British Moukins. These 
.Albitm rocks evidently share a similar 
burial history also as they are pervasively 
well indurated with siliceous cements and 
thermally mature beyond the oil, gas or 
condensate levels (Dixon personal corn- 
mtmication, 1988). 

Torok Formation 

The Torok Formation represents the 
distal and transgressive facies of this 
Albian portion ofthe lower BrooEan clag- 
tic sequence. I t  is several thousand me- 
ters of black, gray or brown fissile shale, 
with minor bento~t ic  zones, thin-bedded 
siltstones or sandstones mdmdtiple thin 
zones of high gamma ray readings. The 
gamma ray zones become more basal and 
more pronounced towards the northeast 
as the Torok thins. Northward prograda- 

tion, as is demonstrated so clearly by the 
well developed foresets onNPU seismic 
lines (bfolemar? 1981), onlaps upon the 
breakup sequence and overlaps the Bar- 
row Arch in the subsurface west of 
Pmdhoe. Whereas the Torok is several 
thousand meters thick in wells in NPRA, 
itthins eastward across the Central. Arctic 
coastal plain (plate 2). Exploratory drill- 
ing shows that the Torok pinches out south 
and east of Prudhoe Bay. It has no identi- 
fied equivalent in northeast Alaska. 

Kerogens fkom the Tor& are predomi- 
nantly meIIand Type I11 (Banet, 1983; 
Magoon and Claypool, 1985; Bmet, 1989) 
and are regionally considered tohave equal 
potentialtogenetrate gas or oil upon reach- 
ing t h e d  maturity. Gas shows are 
common but xninor in the sandstones of 
the Torok and Fortress Mountain. How- 
ever, fracture-created porosity and per- 
meability in well-indurated Fortress 
Mountain sandstones produced some 300 
MT/day of water inA m a  No. 1well drill- 
stem tests (NPRA)*Also with the proposi- 
tion ofmultiple sediment provenances for 
these sandstones and possible &Berent 
tectonic and burial histories dong the 
range fkont9 1suggesth t i tmay be worth- 
while to re-evaluate these sands for in- 
place hydrocarbon resources. 

Arctic Creek Unit 

The paracodornab1 y,overlying, thick 
sequence of Nanushuk sandstones and 
shales are proximal equivalents of the 
Torok (plate 2).These mostly nomarine 
sandstones represent the most extensive 
i d l l  of the Colville trough- Innortheast 
Alaska these are represented by the k c -
tic Creek unit (Bird and Molenaar, 1987) 
which crops out south and east of the 
Sadlerochit Mountains, and east of the 





Third Range (figure 9). Detterman and 
others (1975) originally described these 
sediments and correlated them to the 
(Albian) Tuktu Formation from the Umiat 
area. 

The Arctic Creek unitconsists ofinter- 
bedded, very fine*to he-grained, tan-
weathering, gray, flaggy, siliceous sand- 
stone? siltstone and dark gray shale. 
Immediately south of the Sadlerochit 
M o m t ~ n s(plateI)?these units are thick- 
to massive- bedded with flute casts, 
grooves and crossbeds which show cur- 
rent directions that indicate nodhwest 
transport. They thin dramatically east- 
ward and the amount of plant debris and 
carbonaceous materi on bedding sur- 
faces increases. Dips are steep-to-per- 
pendiular a t  the westernmost outcrops, 
decreasingto  only several degrees south- 
ward? in the central part of the ANWR 
1002area. 

Nanushuk Group 

The Arctic Creek unitis a distal equiva- 
lent of the the Nanushuks Group. The 
Nanu~h& Group which filled the west 
andcentral portions of the ColviIle trough 

rosties and pemeabiEtes. 

The n o n m h e  Nanushuk crops out in 
anticlines and synclines ofthe rollingfoot- 
hill8 fkom the western end of the Brooks 
Range on the Chukchi coast to the Sa- 
gavmirktok Rivera Seismic and well data 
show a predohnmtly eagt-nodheast pro- 
gradation f'rom W M  to  approimtely 
the vicinity of the Toolik No. 2 well in the 
Central Arctic area. 

Nmush&resomc~s include vast quan- 
tities of subbitdnous tobituminousrank 
cod. Hflotheticd resources approach 
one W NIT'? within ?SERA (Callahan, 
and Martin? 1984)*1x1the three explora- 
tion phases of government sponsored 
phases of NPRA exploration, the 
N m u s h d  fkequently had shows and row 
tinely produced oil and gas upon testing 
shallow Coastal Plain targets and foot- 
Mls' s t r u c t u r ~ ~  The greatest identified 
in-place reserves (table 2)are estimated to 
be 10 - 14MMMT oil atUmiat field and 
AIM cubic meters of gas at Gubik field 
(Foland and others, 1988). 

is a regressive sequence of thin, shallowp Hubbbard and othersy (1987) middle 
marine sandstones and shales that be- Brookian megasequence is a result of re-
come thicker and normarine ~psection~ gional Laramide u p l ~ ~  Deformation and 
Ahlbrandt and others (1979) identi@ two 
coalescing deltas in NPR& the Coxwin 
from the west and the Umiat fkom the 
south (figure 9). Sands from both fluvial- 
deltaic systems tend to be very fine- to  
fine, and rarely medim-pained, with 
abundant angdar to  subangular black 

e n t ~ ,in hand speci- 
er (1979) identified 

reactive clasts and authigenic cements 
which detract from inherent reservoir 
potential ovving to loss of primary PO-

erosion of the Nmushuk and older rocks 
that took place dong the mountain fiont 
during episodes of' p redo~nmt ly  north-
ward verging thrusting and regional up-
lift. 

Mker uplift these sediments were re- 
movedand the grains were tumbled, sorted 
and reworked. These 'rejuvenated' and 
compositionally more mature sediments 
were deposited as the thick clastic wedge 
of the Colville Group (U. Cretaceous - Eo-





cene) sediments that prograded east- 
northeast across the present Coastd P  l 
area and filled the eastern third of the 
Colville ~ o u g h  (figure 10). This episode 
ofse&menbtion spread ofbhore (present 
day) and filled the Nuwok and Kaktovik 
basins with upper Cretaceous and younger 
sediments (figure 5). This represent8 as 
much as 10000 m of a single trmsgres- 
sive-regessive couplet. 

Seen in the seismic s t ra~paphy?the 
basd part conists of onlapping foresets 
and these are overlain by widespread 
mostly flat lying topsets (figures 6 and 71. 
Locally the Simpson Canyon and several 
deep subsea channels were cut into the 
Nanushuk and Torok Formations and 
filled with thick piles of Colville sedi- 
ments (figure 5).Fieldwork and interpre- 
tation of industry exploration wen logs 
around the periphery of ANNR records a 
fairly complete middle Brookian Megase- 
quence history. 

In addition to the data showing con- 
tiuuing trends of the major elements of 
east-northeast progradation, there are 
also elements of that are directly aEected 
by the now (and finally), close proximity 
of the Canadian provenance rocks from 
east ofthe Blow River Trougmpid Fault 
Array (figure 5). Pronounced erosional 
mconfor~ty ,or local depositional hiatus 
separates the mid- from Late Cretaceous 
rockg &om the central North Slope through 
the Yukon and the Mackenzie delta. 

Golville Group 

In and around ANWIt, the Colville 
group is divided into two units., The basal 
part is marine shales. Upsection? there 
are interbedded depositional units of tur- 
bi&tes to nomarine sandatones that are 

present in  wells and coastal plain 
~ at leaat asoutcops,andinthe subsu~ace, 
far out as the Point Thomson area (plate 
31. 

The Shale Wall Urxit (Detterman and 
otherg, 1975)Benbd~c Shdei~the basal 
Colville Group Member. This is the upper 
part of Molenaar'~ (1983)Hue Shale. It 
consists of up to 150rnofblack? papery- to  
mrdboard-k&we shale with abundant 
white to cream colored bentonite bands* 
These bentonite8 range in thickness from 
~everalmillimetersto a p p r o e a b l y  one 
meters but are mostly five to 20 an. 

This bentonitic shale is found in wells 
ime&ah ly  west of ANWR where it is 
typically overpressured. At outcrops 
around the Sacllerochit Mountains there 
i~ a thin? hard siliceous sinter layer that 
weathers to a c h a r a & k ~ ~ ~ creddish-
orange? for which Leff~ngwell (1919) 
named the unit the Ignek Formation 
(specdating that sinter was clinker from 
burned coals). These outcrops and those 
on the coastal plain are cornmonly very 
steeply dipping to pewen&dar-bedded 
and faulted* Most importantly though is 
the source rock potential of this unit. 
Analyses show TOCs are as high as 14 
percent and amorphuus, dgal or Type 11 
kerogens are common (Banet, 1989; 
Magoon m d  others, 1987; Pdmer and 
others, 1979), making this unit the North 
Slope's richest potential hydrocarbon 
source rock (table 3). 

B o u i t d q ~Creek and Smokin~Hills 

Figure 11illustrates the age relation- 
ships between three widely separated, 
but litholo&cdly similar and organic rich, 
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Figure 11. Diagram showing stratigraphic relationships of the 
various bentonitic shales5 northeast Alaska and the Yukon 



Upper Cretaceous shales that have sig- 
~ f i c a n thydrocarbon genterating poten- 
tial in both Canada and in the U.S. The 
Boundary Creek Formation consists of 
some 1100 m? of very bentonitic, paper- 
shale that has up to 7 percent TOC. The 
Boundary Creek is the w e s t e ~ o ~ t  and 
older of the two similar Canadian shales 
(figure 10). Further east, restricted to the 
east part of the Mackenzie Delta, the 
Smoking Hills fornation issome 130 m of 
very bentonitic? papery, organic rich shale 
with up to 12 percent TOC (Dixon and 
others?1985) 

Logs from the wells along the Canning 
River (plate 3) and outcrops west of 
Kktakturuk River in ANWB indicatethat 
there is a section of gray? silty tovery silty? 
and soft, shale and turbidite sandstones 
overlying the basal bentonitic shale. The 
sandstones are pay? weathering to tan, 
mostly finemgained with moderate sort- 
ing?and abundant s u b m d a r  chert grains 
(chert litharenites). Flpte casts and 
grooves are common and the units show 
some fining upwards trends. The sand- 
stones range in thickness from from sev- 
eral centimeters to stacked charnels that 
are tens of meters. 

At outcrops in ANWR?the thinner 
bedded sandstones are commonly more 
lateray continuous than the thicker chm-
nel sands. These sandstones are interbed- 
ded with very. silty shale and are mostly 
indurated except where oil stained. Along 
Niguanak Creek on the ANVW Coastal 
Plain, the easternmost exposure (UaS.)of 
Bentonitic Shale is overlain by a thick, 
light gray, smectitic shale containing 
large, rounded, mst-colored9 calcereous 
spheroidal concretions9 that are up to a 
meter in diameter. This is the most distal 
lithology overlying the BentoG~c Shale* 

The Bentonitic Shales in Canada are m-
codombly overlain by Tertiary deltaic 
sequences. 

The nearshore andnom-e facies of 
the middle Brookian megasequence are 
preserved further west. From the east pad 
of WRA through approSmahly Pmihoe 
Bay. These deltaic through fluvial en+ 
roments of deposition consi~t mostly of 
he-grained? coarsening upward8 stacked 
channel and sheet sandstones Werner, 
1985? 1987). Coal? conglomerates and float- 
ing chert pebbles are minor lithologies. 
The West Sak (Maest~chtim) and the 
overlfingumu (Paleocene) sandstones are 
proximal, t ime-eq~vdent facies come- 
latable tothe Colville Group ahales (figure 
10). Both units are found in the shallow 
subsurface (600 1400 m) west of Pmdhoe 
They contain an es~mated 5600 W MT 
in-place (ody 13 production test walls have 
been drilled from a ~ingle gravel pa 
low reservoir b m p e ~ a b r e  (-15 - 20Â°C) 
low API gravity (-10 -20') oil (Werner? 
1987). This is the largest North Slope 
hydrocarbon accumulation. 

Sabbath Creek Conglomerate 

In ANWR?some 25 kxn south of the 
coast, between the Jag0 and Siskutatu~k 
River8 there is a second coeval (U*Creta-
ceous-Paleocene) pulse of nonmarine- 
nearshore sediments. This is some 3000 m 
of homoclind, north dipping and east-west 
trending, conglomeraks? sandstones and 
moderately carbonaceous9 black? platy t o  
fissile shale (plate Isfigure 10). Bentonite 
is completely lacking from any .of these 
shales. There are no internal faults re- 
peating this secton. Dips of only a few de- 
gree8 to the north increase steadily 
downsection to approGmtely 40' at the 
south end of the exposure. There is a se- 



quence-boun&ng thrust fault at  the base 
of the section (plate 1).Plates 3 and 4, 
lines 84-20,-24,430 arid 85-50, in Bulletin 
1'7'78 (Bird and Magoon, eds. 1987)illus-
trate the extent of stacked compressiond 
faulting that has emplaced this part of the 
section some unknown horizontal and 
vertical distance fkom its depositional ori-
gin. 

Detterman and Spicer (198 1)identi-
fied this as the Sabbath Creek Section. 
The conglomerate is mostly matrix sup- 
porbd, with angular sub-angular, black 
and white chert pebbles and cobbles with 
lesser amounts of igneous and metamor- 
phic rocks. The matrix consists of me- 
dim-to coarse-pained, poorly sorted 
sandstone and angular chert grains. There 
are some minor thin coals, but whole tree 
trunk casts and plant impressions are 
more common and suggest that conditions 
at depostion were mostly oxidking. 

The sharp and distinct nature of the 
depostional contacts indicate that two 
very difEerent environments are preserved 
in.these rocks. Cross cutting channels and 
the vedicdly-shcked, large scale cros~ 
beds indicate highenergy, such as braided 
stream depositonal events. The alternat- 
ing, interbedded, fissile-to-platy black 
shales, suggest low energy, near marine 
and perhaps estuarine or fan delta condi- 
tions. Buckingham (1987) identified 
coar~e-clastic depositional e n ~ r o m e n t s  
ranging fkom lower delta plain to mean-
dering and braided stream regimes* 

McClean (1987) noted supedmposed 
perva~ive post depositiond mechanicd 
deformation indicative of deep burial and 
diagenesis. The extent of diagenesis and 
amount of plastically deformed ductile 
grains have irreversibly destroyed much 

of the Sabbath Creek's resemoir poten- 
tial. 

Lyle and others (1980) correlated the 
Sabbath C r e e k k ~ t h e  ~despreadMoose 
Channel formation whichis foundin wells 
and outcrops in the Yukon Territory (fig- 
ure 10).B u c h g h m ( 1987) and Meclean 
(1987) note both compos i to~  arid de- 
positional direction Merences between 
these two conglomerate units. Analysis of 
the Natsek Nu56 well (plate 11, some 
1 0 0 h  northeast of the Sabbath expo- 
sures, indicates that the Moose Channel 
Formation has considerably more cod, 
occurring in thin widely separated beds. 

Dietrich and others, (1985) suggest 
that these Natsek conglomerabs may be 
younger and not correletable to the Moose 
Channel, but as with many ~Eshore picks, 
corelations are tentative as the litholo- 
gies are so sixnilar and s&&ent well 
data are lacking. Like the Fortress 
Mountainp the Sabbath Creek and Moose 
Channel conglomeraks are at  least nearly 
coevd and represent closely related pulses 
of sporadic and episodic seamenktion. 
However, the Sabbath Creek and Moose 
C h m e l  conglomerates diEer in that flow 
directions (north and east-no*east, re-
spectively) indicate that they probably do 
not overlap (figure 10). Alsop their prove- 
nance includes diEerent units of the 
Nemokpd (figure 6,Buckingham, 1987). 

Mouse Channel Fornation 

The Moose Charnel Formation ofthe 
Fish River depositional sequence is the 
first major flu~aVdelt&c system depos- 
ited in the Beadort-Mackenzie basin. It 
is linked with the lower part of the over- 
lying Lower Reindeer Sequence to the 
Brookian rocks deposited fkom Laramide 





Figure 12. The Upper Brookian megasequence 

showing the extents of the Sagavanirktok and major deltaic complexes in the Canadian Beaufort 


(Key: outcrops are heavily hatched; estimated extents are lightly hatched) 


(modified from Dixon and others, 1985) 




Figure 13. Schematic cross-section between Ediok N-56 and Natsek E-56 wells 

showing major depositional sequences, erosional unconformities and the effects of accompanying uplift 

(from Dietrich and Dixon, 1985) 
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Figure 16. Seismic line offshore from ANWR 

showing the major megasequences, unconformities and faulting styles 
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(Note: substantial vertical exaggeration; arrows show throw on faults, representative reflectors shown; unconforrnities weighted) 



beds and massive channel sands. The 
north dipping channel sands along 
Katakturuk River are are cross-bedded 
and have floating, rounded, chert pebbles 
(-1 em) and abundant lignitic debris. At 
anoutcrop a 1 o n g m ~ k t w A  Creek, them 
sands are oil-stained, and have up to 22.8 
percent porosity with more than 600 md 
pemeabiliw (Lyle and others* 1980).Along 
Jago River, Eocene age siltstones have 
concretions that are oil-stained with a 
distinctly petroliferous odor on fresh frac- 
ture. 

The overlying F r d n  Bluff's Mem- 
ber (Oligocene ? Miocene ?) consists of 
cyclic, lacwtrine deposits. Most outcrops 
are dternatirig gray,yellow and tan var-
ves of clay* silt$ fine- to medium- grained 
sand and ~rbonaceous shale. Volcanic 
ash, limonitic concretions and lenses of 
mosay poorly consolidated sand with float- 
ing, rounded chert pebbles are present up- 
section. 

The Nuwok Member (late Miocene ? -
early Pliocene) is exposed an the flanks of 
the Marsh Creek anticline. The Nuwok 
consists of thick, unconsufidabd poorly- 
sorted sands and chert mdimeous-pebble 
conglomeraks. Pebbly siltstories and car-
bonate concretions occur between the 
sands and conglomerates, There is a dis- 
tinct, angular unconfomxity between the 
uppermost Sagavhrkbk and the younger 
Gubik Formation (Quatemav). 

Richards Sequence 

Inthe CrnaaanBeadoh, the Richards 
~ekuence(mid-to late- Eocene) is mcon- 
formable on the Reindeer sequence of the 
Middle Brookian megasequence (plate 2, 
figure 13).Dietrich and others (1985) show 
that the maximum thickness is some 200 

min the Bcharh Island area. Figure 13 
shows a very thin Richards section con- 
sisting of p r e d o ~ n m d y  mud rich delta 
front shales, and the extent of uplift be- 
tween Dome's Edlok N-56and Natsek E-
56exploration wells* Like many thick and 
predohnmtly shale sequences, especially 
on the North Slope8 emloration drilling 
shows that the Richards is typically over- 
pressureda 

Koponoar Sequence 

Drilling at the Koponoar Field and 
surroun&ng seisxnic stratigraphy shows 
the existence of a thick mudstone and 
siltstone mitinthe Central Beaufort shelf 
area (figure 18)"Thisd toflate Eocene to 
possible early Oligocene age is preserved 
only in the far offishore and it is not yet 
clearly correlated with coeval nearshore 
and nomarine fades in Canada and 

It is unclear how much areal ero- 
ion has taken place* dthough it is tenta- 

tively identified in the Edlok No56 well 
(figure 13). 

Kugmaliit Sequence 

m e  K u p d E t  depositiond sequence 
is averythickmd areally extensive, mostly 
wen-presemed, well-drilled andwell-stud-
ied sequence consisting of a sand-domi-
nant prograding delta and coevd mud- 
dominant shelf and basinal facies (Diet- 
rich and others* 1985). It is mostly poorly 
lithified, but it has abundant lignite, par-
tially fossilized wood and s i ~ c a n t l y  
more sand and silt than the underlying 
Richards sequence (Dietrich, 1985)*There 
are two main pulse8 of pro delta anddelta 
plain sediments. These are the Ivik and 
h a k  foma~ons ,  re~pectively (plate 2). 
-Drilling data and seismic data indicate 
that they are restricted in ared extent, 



encountered appro~mately in the area of 
the present Mackenzie delta (figure 12). 
Owing to poor sample recovery and long 
ranging species the Kugmallit is tenta- 
tively determined to be late Eocene-Oligo- 
cene. 

Mackenzie Bay Sequence 

The Mackenzie Bay sequence records 
the return t o  southerly derived sedimen- 
tation (figure 12). Itjs predodnmtly north 
and northeaskrly prograding BrooEan 
derived sediments with only minor 
amounts of clastic input from the 
Wtoyaktuk Peninsula. The Mackemie 
Bay sediments consist of mconsolidated 
mudstones, siltstones and fine-grained, 
predominantly quartzose sandstones. 
These Mackenzie Bay sands and ~ i l t s  are 
known ody in the subsurface and typi-
cally yield abundant forams of Oligocene 
to Miocene age. 

Ancillary lithologies include abundant 
bentonites, lignitic material, floating 
quartz grains and pea gravels. The basal 
contact is always abrupt and uncodom- 
able with the underlying Kupallit  (plate 
2). TheMackenzieBaypro delta and delta 
plain facies overlie the fine-grained 
Kugmallit shelf muds (Dietrich and oth- 
ers, 1985). Dietrich and others (1985) 
show seismic evidence of noeh-nodheast- 
erlyproga&ng clinoforms m dsuggest that 
deltaic strata are also present west of 
Herschel It&i.nd and in the Demarcation 
sub-basin across the international bor- 
der. Recent divisions of the Canadian 
Beaufort siesmic stratigraphy (Dietrich 
and others, 1985) correlate the Mackenzie 
Bay sequence to the Mackenzie Bay For- 
mation. 

Akpak Sequence 

There is a widespread mid-Miocene 
un~onfiorrnitybetween sediments around 
the margins of the Beaufort basin. This 
separates the more proximal facies of the 
Mackenzie Bay and &p& Bequences. 
The Akpak (middle - late Miocene) de- 
positional sequence is the youngest of the 
southerly derived sequence^. The basal 
contact with the Mackenzie Bay sequence 
is abrupt and locally mco&o%able due 
to the basin margin and locd uplifts~ In 
the Demarcation sub basin, proximal, 
sand4ch Akpak facies overlie tectoni- 
a l ly  defomedamobile shales" (figure16) 
(Craig and others, 1985; Grantz and May, 
1983). Dietrich and others (1985) de-
scribeit as a deep-water, estimted tobe 
as much 1000 m fiom foresets, mud 
dominant facies. They (Dietrich and 
others, 1985)estimate that it t h i n s  &om 
2000m near the international border t o  
-800 minthecentral Canadian Beaufort. 

lperk Sequence 

1suggest the inclusion of an addi- 
tional megasequence in this part of the 
Arctic. The T&by&t& megasequence 
describes a period of regional, uncon- 
formity-bounded sedimentation. This 
megasequence reflects a change again in 
basin polarity as sediments are mostly 
directed &om the W b y a k t d  Pennin- 
s d a  on the eastern side of the Beadort 
Sea. These sediments are Dietrich and 
others9(l985) Iperk depositional sequence 
(figure 18)* This sequence is described as 
extensive, westward-pro~aang deltaic, 
noximarine- to mar&nd-ma~ne sands and 
gravels that extend as far seaward as the 
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Figure I Seismic interpretation profile of Eastern Beaufort Shelf 

showing Upper Br~okianand Tuktoyaktuk megasequences 

(Note: substantial vertical exaggeration; arrows show throw on faults, representative reflectors shown; unmnformities weighted) 
(modified from Dietrich and others, 1985) 



present shelf edge, before grading into 
predudnmtly oEshore sands and muds 
(figures 12and 18). 

Over most of the basin there are 
marked lithologicd, grain-size, and seis-
mic velocity contrasts between the under- 
lying southerly derived, predofinantly 
flat lying distal sediments, and the over- 
lying Iperk sediments which have well 
developed seismic forsets. In the tectoni- 
cally undisturbed regions of the central 
Beadort basin the Iperk sequence may be 
some 5000 m thick (Dixun and otheras 
1986). But the amount of deformation 
increases westward, towards inbrnationd 
border. And this precludes accurate esti- 
mation of the areal extent or total thick- 
ness of Td toyak td  megasequence sedi- 
ments overriding the Upper Brookiari sedi- 
ments. 

Shaiiow Bay and Gubik Formations 

mere is a thin veneer of mcodoma- 
bly overlying late Pleistocene to Holocene 
age sediments on both sides of the border. 
This is the Shallow Bay sequence (Dixon 
and others, 1985) on the Canadian side of 
the internatioal border. From the border 
to  the Barrow area these rucks are the 
Gubik Formation (Quaternary). In 
ANWB, they are wconsofidated, poorly 

sorted sands, romded pebbles and cobbles. 

Although these rocks have a Bruokian 
clast component9 they also have a distinct 
provenance which includes igneous and 
volcanic rocks of eastern origin that are 
d i k e  any present inthe m d e r l e g  Upper 
Brookian megasequence rocks. There is 
also a distinct angular mcodorfity be- 
tween the Gubik and Upper Broukian roks 
exposed along the north flankof the Marsh 
Creek Anticline. The Gubik thickens t o  
4 0 0  m offshore and is present to the 
present shelf break (Dinter? 1982).Carter 
(1987)and Dinter (1987) describe several 
mr ine  trmpessions represented inthese 
glaciomarine sediments. 

Uplift from recent tectonic activities 
has resulted inno Gubik deposition on the 
crests of shallow fold8 in the Kaktovik 
basin (Dinter, 1982). These same uplifts 
have carved radial style hainage patterns 
into the 1002Coastal Plain area, 

Current depositional patterns since the 
Pleistocene glaciations are mostly &om 
the south and are probably driven by same 
degree ofisostatic rebound. The m o ~ t  no-
table features are the fms at the base of 
front range hills? and the small gravel 
deltas building out into the Beauf'ort Sea. 



4. Summary and Conclusions II 

The northernmost bdge of the Rocky 
Mountain Cordillera exposes very thick 
assemblages of sediments. These sedi- 
ments are as old as Proterozoic, and proba- 
blyrepresent at  least two distinct megase- 
quences of regional predominantly pre- 
Cambrim sedimentation. The regionally 
exposedNemokp& represents both clas- 
tic and carbonate se&entation &om 
south (in present dire~tions)~ The upper- 
most Neruokpuk d t s  are Cambrian. 

The & t a k t d  is a northerly de- 
latform carbonate sequence hav- 

ing limited exposure, It is Proterozoic. 
The overlying Nanook limestone is more 
aredly restricted to exposures in the 
Shublik Mountains. Itrangesinage from 
lower Cambrian to middle Devonian* The 
Nanook is definitely a separate deposi- 
tionalsequence, but like the Kataktumk 
is dso a northerly derived platform car- 
bonate sequence, and may retain itsclose 
tedno-stratipapEc association with the 
m h k t u d  i n t o the subsurface. The ex- 
tent of these megaBequences in the mb- 
surface is still &own. But, sesimic 
data indicate that there are a t  least two 
domains of reflectors which may repre- 
sent these Proterozic to Cambrian 
megasequenceg. D~Uing has penetrated 
mildly mehmowhosed basement sedi- 
ments regionally across the North Slope. 
Drilling also indicates that some ofthese 
units are still able to provide migrational 
pathways for oil and gas resources. 

Amarked angular uncodormity sepa- 
rates both the N e r u o k p ~ k ~and 
& h k t u M m o o k  rocks from overly- 
ing ~edirnents,,Lerand's (1973)lower Pa- 

leozoic, northerly derived and overlying 
Franklinian sequence may not extend 
across the area of the Bdge as previously 
thought. Sediments overlying the Neru- 
okpuk consist mostly of lower Paleozoic 
volcanics, black graptolitic &hdes, inter- 
bedded chert and phyllites, with lesger 
mounts of carbonates, slate and phyla 
lites which may have a southern prove- 
nance. These secliments are known only 
from widely diverse locations across the 
North Slope, but little is h o r n  about the 
continuity- The Nanook has a very con- 
patible lithology to the F r d d a n  se- 
quence, but these limestone6 are widely 
separated from known Franklinian 
equivdents, and may not have a similar 
depositiond style. 

Two sedimentary megasequences of 
northerly derived Ellesmerian rocks -un-
codorxnably overlie the older lithologie~ 
in the bulge. The Enacott clastics and the 
Lisburne Group carbonates represent 
middle Ellesmerian s e h e n t a ~ o n  and 
the Sadlerochit Group? Shublik Forma- 
tion and Sagf i ren C. sandstone repre- 
sent the upper Ellesmefian sequence. 
Shales and locdy coqlomeratic sands of 
the Endicott Group typicdly overlie the 
Neruokpuk and &takturumanook. 
Both the middle and upper Ellesme~an 
megasequences are well represented 
litholo~cally and well exposed in the 
Brooks Range, but their existen~e in the 
subsurface of the Arctic Coastal Plain is 
debatable, owing to possible lower Creta- 
ceous erosion at  the Barrow 
similar rift associated uplifts. These are, 
at present, the major producing North 
Slope oil and gas reservoirs at  Prudhoe 



Bay. Thus, their existence may have con- 
siderable importance to  possible resource 
estimates of the entire area. 

The Breakup megasequences associ- 
ated with rifiing are northerly derived 
and diachronous pulses of localized coarse 
clastic sedimentation. The rifiing events 
are restricted to the area of the Barrow 
Arch, which is roughly subsurface of the 
present coastline. Further south, coeval 
lithologies are mostly deep water, typical 
trailing margin shales. On allocthons in 
the Brooks Range, there are isolated oc- 
currences of deep water shales interbed- 
ded with volcariics, probably recording 
theinitialpulses of southerly derived sedi- 
mentation. Resemoirs unique to these 
megasequences are, only recently, coming 
into their own at  Kuparuk River and 
(perhaps soon) the Point Thomson areas. 

BrooEmmegasequence sediments are 
vexy thick, elastic and diachronous. They 
record three distinct and separate phases 
of the Brooks Range uplift which filled. $he 
Colville Trough and eventually over- 
stepped the Barrow Arch. Elements of dl 
three phases were deposited and are pre- 
served in the area of the bdge. 

Brookan megasequences of the Cans-
&an Beadort have varying cont~butions 
from the Tuktoyakt& Peninsula. Al- 
though both the volume of Brookmian sedi- 
ments is very large, and they have in- 

place reserves ideneed greater than those 
at Prudhoe Bay, the hydrocarbon accu- 
mulations are not yet developed owing to 
mnall (by world class standards) deposit 
size and technical diffidties associated 
low reservoir bmperatwes. This is in 
additionto the ubiquitous added develop- 
ment expenses resulting fiom harsh Arc- 
tic conditions and e n ~ r o m e n M l y  sensi-
tive caveats. 1propose that the most re- 
cent pdse of se&entation in the Cana- 
dian Beadort, and perhaps eossing the 
international border in its distal litholo- 
gies, be referred to as the Tuktoyaktuk 
megasequenw. 

This terminology reflect8 its major 
provenance and it reflects somewhat of a 
quiet stand of Brookian deposition. Also, 
glacially derived ~ediments across much 
of Arctic Alaska have considerable clasts 
of igneous and rne-oquc rocks de- 
rived fiom Canada, rather t han fiom the 
Brooks Range. There are local angular 
m c o d o h ~ e sbetween the Tuktoyaktdc 
rocks and the underlying Brookian sea 
quences 

Thus there are sediments spanning 
the t h e  &om Upper Proterozoic to Recent 
in the area of the bdge. W l e  additional 
work is surely wamanbd, a sufficient 
amount ha8 been done to demonstrate the 
tantalizing prospects of hydrocarbon re- 
gources in this area. 
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